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FAMILIAR INSTRUCTIONS, S^c. 
CHAP. I. 

OV THE COHESION OF WATER, 

isLS the former volume of our work com- 

tftfcnced with the apparent fwimming of a 

needle, and a thin bit of metal, we will here 

lay a few words more on the fame fuhjeft. 

Our young readers will recollcdl, it was there 

obferved, that the needle did not properly 

fwim, but was fuftaincd on the furface of 

the water, becaufc it's weight was not fuf- 

ficient to overcome the cohefion between the 

particles of the fluid. This may be feen 

clearly in _the following little experiment, 

which any one may eafily try. 

Take a glafs of water, aud Va^ qv\. \^^Sn«.'- 
&ce ^ bit of leaf go\d^ ot dM\.Oci. torv^^ 

VOL. U. ^ 



ii 


CONTENTS, 




Chap. 


Pafe 


*S- 


Magical founlaitts, magical euptt lie. 


109 


26. 


Siphons, and Tantalus's cup. 


"5 


27. 


Th^ohfaquitat diver.- - - - . 


119 


28. 


Some entertaining expenmenls. 


1*3 


29. 


Another cwritus experiment. 


128 


30. 


The illuminated fauatvm, and fount cun of 






fire. - . . . 


132 


3,i« 


Micro/cepical amu/emettts. . . - 


»35 


3»- 


The fire of Baku. 


141 


33- 


An extrftordinary eater ^ - ;- . 


H5 


34- 


Spontaneous comhuftious. 


152 


35- 


Sponttmeous combuftions of 'the human hody. 


161 


56. 


Does manfwim by nature ^ - - 


169 


37- 


Artificial helps for f'wimming. 


>75 


j8. 


Of the Moving hell. 


182 


J9- 


Other contrivances for dinting. 


197 


4^ 


Accoutus tffwimmers and diverts 


201 


♦»• 


Fattrilofuifts. 


^H 



THE PLEADING PRECEPTOR. -3 

creature of fuch bulk. Thefe birds frequent 

marftiy places, and the leaves and ftcms of 

the aquatic plants, that grow in the water, 

and lie along it's furface, no doubt, help to 

tupport them, at the fame time that thejr 

run fwiftly ; and the flight movem^t they 

make with their wings contributes to diminifli 

their preflTure on the wftcr. 



CHAP. IL 

OF ABSOLUTE AND SPECIFIC GRAVITY. 

The terms abfohite gravity and jpec( fie 
gravity very frequently occur in phyfics; 
The firft is -what we exprefs In 'common life 
hy the word weighty and fignifies the whole 
of the power, with which a body prefTcs 
downward to the Earth. Every particle in 
every fubftance is heavy; that is, it has a 
tendency to fall toward the Earth, or is at- 
ftafted by the Earth. Now, the greater the 
number of particles a fubftance has, the more 
powerful will be it's tervdet\c^ Icw^i^ 'Ca^ 
E^th: and we exprefs the degcte oi ^^^^^ ^.^'^'^ 

B 2. 
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dency by certain quantities, on which we have 
fixed as ftandards, by ounces, pounds, &Cr. 
Thus we fay, rightly, this ftone weighs (o 
many pounds; that pound weighs fixteen 
times as much as this ounce. It is very 
commoa, however, to (ay, that ftone is as 
heaotf again as this; that pound weight is 
fixteen times as heany as this ounce: but 
this, in a phyfical fenfe, is improper; the two 
ftones, if they be of the fame kind, are equally 
heavy J for they would both fall to the ground 
from the fame height in the fame time; and 
fo are the pound weight and the ounce, if 
they be of the fame me. ah their heavinefs, 
or gravity, is the fame, but their weight is 
different. 

Specijic gravity exprefles the relative idea 
of weight, as it regards the bulk of a body. 
Thus, a cubic inch of lead weighs more than 
a cubic inch of wood, and a cubic inch of 
cork weighs lefs: accordingly we fay, the 
(pecific gravity of wood is lefs than that of 
lead, and greater than that of cork. The 
fpecific gravity of a body is in proportion to 
the denfity of the matter, of which it confifts; 
and thus we may judge of the denfity of a 
fubftance by it's fpecific gravity. In lead, the 
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particles, that compofe it, are clofer together 
than in wood; while, in the wood, the inter- 
ftices between the particles are greater. 

To denote the fpecific gravity of any thing, 
it is ufual to afcertain how much more, or 
lefs, a given bulk of it weighs, than an equal 
'bulk of pure water; and, taking the weight 
of the water as an unit, to exprefs that of tb(^ 
other, by whole numbers, or a deciiTial frac- 
tion^ or both. Thus, for .example: 
The fpecific gravity of 

-water being . . . 
That of platina will be 
Very fine gold . 



Standard gold 
Quickfilver 
Lead . . 
Fine filver 
Standard filver 
Copper . 
Steel . . 
Iron • • 
Block Tin 
Diamond . 
Clear glafs 
White marble 
Gree» glafs 



1.900 

21.000: 

J 963 7 

14.019 
11.325 
11.087 
10.535 
8.843 
7.85a 

7.645 
7.321 

3400 

3-»50 
2.707 

2..6za 



»3 
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weight of water, as is commonly done, for 
unity, \ yiQ need only divide the lolies found 
by the lofs in water. So 



The lof& in water ;= 2 



B» Divided by two« 



1.0000 



milk = 2f'7 ' 1.0312- 

beer =s 27 [ 1.0625 

•< We win now vary the experiment, and en- 
deavour to compare the fpecific gravities of 
fblid bodies with each other, by. weighing 
tbera firft in the air> then in water. ** 
' . WilHam coUedted dilffercnt matters ; a flinty 
a piece of briek,. a bit of iron,, and other 
things. The flint weighed ten ounces and 
^ in the open air ^ but when it was fufpended 
in the water, it was neceflary to take four 
ounces out of the fcale, to reftore the equili- 
brium. Thus much,, therefore, it loft of it'l 
weight. 

F. "What do we learn from this lofs of 
weight in the ftone^'* 

W. " The weight of the water that would 
fill the fpace. occupied by the ftone.'* 

jP. " From this can we not cafily compare; 
* the fpecific gravity of the flone with that of. 
water?" 
^ " The ftone weighs 10 ounces and 4: 
^^ ^Suai bulk q£ water vjo\x\d;^^v^ i^sox: 
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There is a more accurate method, however, 
and at the fame time more eafy; and wc fliall 
ice, in the next chapter, hew VViUiani was 
led by his father to the difcovcry ot'this. 



CHAP. III. 

THE BUCKET IN THK WELt. 

Willi am, one day, obferved a man draw- 
ing a bucket of water out of a welL As long 
as the bucket was under w^ter, the man turned 
the winch very eafily; but as foon as the 
bucket was raifed above it, much more ex- 
ertion was required, and the rope wound 
(lowly and heavily round the roller. " Why 
is this?'* faid William to himfelf. He was 
aware, that the water in the bucket rendered 
it heavy, but he did not underftand what 
occafioned the difference in it's weight, imcJj 
therefore, aflced his father. 

" What you have yourfelf obferved,'*, an- 
fwered his father, " that the water renders 
^he bucket heavy, is perfeftly right; and you 
fieed only purfue this idea a \\llV^ fau\\X\t.\^ xa 
obtain a clear conception o£ tVvat^ ol ^\x\Ocv^ 
B 4 
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will flnk only in part. Now, could we efn« 
ploy fuch bodies as^ tbefe, to find either their 
own fpecific gravity, or that of fluids .>'• 

William. " That is a queftion, I am not 
yet prepared to anfwer. " 

F. " You do well, William : it is better to 
confefs this, than to give any anfwer, that comes 
tppermoft, as too many do, left tbeperfon who 
queftions thcn> (hould fuppofe, that they know 
nothing about the matter, I will endeavour, 
therefore, to lead you to the point. Why 
does a ftone fink in water to the bottom?*^ 
W. •* Becaufe it is heavier than an equal 
bulk of water, and confequently does not lofe 
the whole of it's weight." 

F. " If a body had juft the fame weight 
as an equal bulk of water, it would be com- 
pletely immcrfed in it, but would not fink to 
the bottom i fo that ft would remain at reft, 
wherever you chofe to place it, at the bottom 
-of the water, h% the middle, or at the top." 

-W. " That I conceive} for it would be 
|dft- the' fa^ne tiuiig, whether the place were 
txxupi ed by fiich a body, « by water.' * 

F. ^* Of this you inay tcry eafily convince 
'yt)uf{<blf. Take a bit df wax, ttiakt a ball of 
it, and tHnift into it ^ 'toktiy foiaU &ot> as 
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.will make it weigh exadly as itauch as the wa* 
ter, that would occupy it's fpace; you will 
then be able to place it in any part of the 
veflel of water, without it's either rifiog or 
finking." 

William tried the experiment, and found 
it fucceed. 

J^. " Now, as the prefTure upward of the 
furrounding water equals the weight of the 
water difplaced by the immerfed body, or 
that which would fill the fpace this body oc- 
cupies^ what would be the confequencet if A 
body of a lighter kind, as a piece^ of wood, 
were completely immergcd?*' 

W. " It would be forced upward by the 
funroOnding water/* 

F. "Why?" 

W. ** Becaufe the weight of the water 
difplaced, confequently the prefluire of the 
furrounding water, exceeds the weight of the 
wood." 

F. ** The two powers, that areoppofed to 
each other, then, are the whole abfolute 
weight of tlie wood, which preffes downward, 
and the preffure of the furrounding water, 
afting upward. When, therefote, VvVV xJas^ 
I wood remain at rcfX r " 
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fuftains^ as we have Jkoxjon^ jufi as much^ as 
the watery that would ^fiU thefpace^ would 
weigh. Whether lead, . or done, or any 
other fubftance, occupy this fpace, docs 
not affeft the preflure of the furrounding 
water ; this preflure is proportionate to the 
dimen(ions of the fubftance,, not to ife^s 
weight." 
, }F. « That is clear.*' . 

F. ^*'Well, then; if we weigh a body in 
an accurate pair of fcales in the open air, 
and then let the body th\ii3 weighed be fuf- 
pended in a veflel of watei;^ will it require 
an equal weight to counterpoife it as be- ^ 
fore?** 

W. " No ; for the water fupports part of 
the weight.'^ 

jP. ** And how much this is, or how miidi 
of it's weight it will lofe^ you already 
Itnow/' 
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the latter; namely, juft as much as the 
whole weight of the body partly immerfed." 

F. " Cpnlequently it's fpecific gravity 
muft be double: and fo in every, other cafe. 
The lefs fpace of a fluid is neccffary, to 
obtain a given weight, the greater muft be 
the fpecific gravity of the fluid: or,, as it is 
commonly exprefled, in equal zveights, the 
fpecific gravities are in the inverfe ratio of 
the /paces occupied by the bodies. Is this 
clear to you? '* 

W. ** Perfeaiy." 

F. " On this principle are conftruded the 
inftruments called » hydrometers^ which are 
ufed to prove or afcertain the ftrength of 
fpirits, try the ftrength of wort, and examine 
the faturation of brine in falt-works. The 
deeper the hydrometer finks in fpirits, the 
better they are : in worts and brine, the con- 
trary." 

W. " How are thefe hydrometers con- 
ftrufted ?" 

F. " They are commonly hollow balls of 
glafs, with a fmaller ball, containing quick- 
filver at bottom, and a flender tube at the 
top. The tube, or ftem, is graduated, that 
the deptba to which it finks, may be known. 



a 
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time Mr. Goodwin got ready his hydrolla- 
tical balance, which our readers will fee dc* 
lincalcd in the vignette underneath. 




This balance is conftrufted on the fame 
principle as a common pair of fcales: the 
tongue, however, does not rife perpendicularly 
from the beam, but points perpendicularly 
downward. To one a rmhangs a fcale, which 
is to contain the* weights; from the other is 
fufpended the body, which is to be weighed 
in the fluid. It is neceirar}s that fuch a 
balance fhould be very accurate, and very 
fenfibli, or capable of burning with a very 
minute weight, otherwife fl^ht difference! 
would not be perceived. The axis of the 
beam, on which it refts, has a'-fliarp edge, to . 
jpeDder it's friftion as final! as poffiblo. 
To Snd ihe (pecific gfavity t* ««^TtitN!t 
7uids, a glafs egg, containiDg ^ V\ll\^ oj3:\0«^- 
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in the proportion of 10, 9, 8, nearly as water, 
oil, and fpirit of wine. In water, the fpecific 
gravity of which wc take as ten, the hydro- 
meter iinks to this point, which I mark on 
the ftem: now, will it fink deeper, or lefs deep, 
in a fluid of the fpecific gravity of 9 ?'* 

IV. " It will fink deeper." 

i^ " I have already obfcrved, that the 
bulks immcrfed are in tlie inverfe ratio of the 
fpecific gravities, or denfities; the weight of 
the inftrument, and confequently of the fluid 
difplaced, remaining the fame. How then 
will you calculate the depth, to which the 
hydrometer muft fink in the fecond fluid ?" 

fF. " I (hould calculate thus: as 9 is to 10, 
fomuft tlietulk immerfed in water be to the 
bulk immerfed in oil.** 

F. " Very right. ' If, therefore, I would 
link the inftrument as deep in water, as it 
would fink fpontaneoufly in oil, muft I not 
add more weight to it ?" 

JV: " Certainly." 

F. ** But how is the weight required, to 
fink the • inftrument as deep in water, as it 
would fink of itfelf in oil, to be found?" 

This William was not able to anfwer im- 
mediately. 

5 
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F. *' You have already faid, that the parts 
immerfed muft be as 9 to 10: if, there- 
fore, we would fink the inftrument in water 
in botli thefe degrees, muft not the weight 
of water difplaced in the two inftances be as 
9 to 10?" 

W. " To be fure/' 

J^. " And confequently the weight of the 
lAftrument at firft to it's weight when in- 
creafed as 9 to 10 ? 

W. " So I conceive." 

F. " You are now able to tell me how 
much the original weight of the inftrument 
muft be increafed ?" 

W. " A ninth part." ^ 

F. " Now, if we take the third 'fluid, the 
denfity of which is to water as 10 to 8, how 
muft wq proceed ?" 

W. " As before. The bulks are as the' 
inverfe ratios of the denfities, the weight of 
the inftrument remaining the lame; that is, 
as 8 to 10." 

F. " And If I would fink it fo deep in j 
water, to mark the degree, how fhould I find 
the weight, to be added to the inftrument ?" 

fT. " The original weight muft be to the 
Increafed weight as 8 to 10 •, o\ iXvi o\\^tfliiL 

\ 



THE. PLEASING PR£C?PTOR. 23 

weight muft be increafcd by the addition 
-of I or i."- 

JF. "Thus we have found a method of 
' marking on the ftem of the hydrometer de- 
grees, that will give the p7'opor lions of den- 
Jiti€$^ or fpccific gravities. Namely : the hy- 
drometer is firft to be weighed as accurately 
as pofBble in the air: it is next to be im- 
merfed in water, and the point to which it 
links is to be marked : and then the weight of 
the inftrument is to be increafed by the ad- 
dition of 5, I, 4> and fo on, marking each time 
the depth to which the ftem finks. Thus we 
have the hydrometer graduated for fluids, 
that are lighter than water, and the degrees 
may be marked in an afcending fcalc, o, i, 2, 
g, &c. In this cafe, when the hydrometer 
finks to o, the fpccific gravity of the fluid 
is as 10, or I. o; when to i, as 9, or 0.9 j when 
to 2, as 8, or 0.8 s when to 3, us 7, or 0.7; 
and fo on. 

" I have taken rhtfe numbers, that you 
might find lefs difiiculty in the inveftigations 
but in pra&ice much fnialier ciiviiions are re- 
quired. Inftead of denoting the fpccific gra- 
r.lvity of water b/ ;o, we might take \t ;xl \oo, 
:^l iod mcre^fe the weight of the h^diorcvcx^^ 
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by 5ff, A, ifr, A, and fo on; markng thcfi 
fmaller degrees on tbe ftem as before, fron 
below upward, with o, i, 2, 3, 4, &c. 

^< In this caie, when the hydrometer fink 
to o, the rpeci6c gravity of the fluid is ai 
100, or i.oo; when to i, as 99, or 0.99 
when to 2, as 98, or 0.98; and (b of the reft 
If the inftrument be large enough, the di 
vifions may be made to thoufandth parts 
but I need not go farther, as, no doubt, yen 
already fee how the proccfs is carried on." 

?r. " I fee, it is true." 

jF. "But, you would fay, you have it no 
all clear before your eyes. The fadt is, m] 
dear William, things that require fome re 
fleftion, (hould be gone over more than one 
from the begining, that the whole chain 
reafoning may make a more diftinft impre( 
fion on the mind. Sit down, therefore, ani 
write all that you have retained ; 70U will fini 
this a good exercife both of your memor 
and refleftion." 

William immediately followed his father' 

advice, and took the fame method on othc 

occafions. Many of our young readers, W' 

jhope, are not averfe to reflediion, and will d 

the lame. That they maYb^lV^vwov^x^^J 
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topurfue this plan, they (hould bearin mindi 
that it's utility is not confined to the cafe 
that they may have in hand. To inftance in 
^he prefent example: the ufe of confidering 
ami Weighing thoroughly, the dodrine there 
given refpeding the hydrometer, though it is 
[deafing.to know more df fuch a common 
inftrument, and be better acquainted with 
it's princii^es, than mod who ufe it, does not 
ft(^ here; for, by it the mind acquires a de« 
gite of facility in forming jufl: conceptions* 
making proper comparifons, and drawing 
a^t condufions, in fimihur cafes; and* 
even, in all cafes, the habit of refledion is 
ftitngthc^ed and improved by it. The pro- 
pofitions of hydrq/laticsy Co thefeienceof the 
equilibrium of- fluids is called, are particu-* 
larly calculated to exercife refleftioui we 
will, therefore, purfue the converfation be« 
tween William and his father a little farther* 

CHAP. VII. 

CONTINUATION- 

Father. ** We found yefterday how at 
Hydrometer for lighter fluids was to\^^%.« 
diated, fo as to /how the proportiOT» <A ^- 
roz. xj. G 
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fcrent fpecific gravities; but how (hould we 
I>roceed for heavier fluids ?'* 
• William. ** No doubt in th^ oppofite wiy.** 
. J\ " You mean, that the weight of the 
snflrument muft be gtadually diminiflled. 
Supp(H^ we wanted the hydrometer to indi* 
ieate fpecific gravities proportiohed to anothff 
«s loo to ioi» taking the firft for that of 
Water, we raiift liere proceed as follows: 

** The part of the hjfdrometcr imilierfcd 
in water muft be to that immerfed in the 
Jicavier fluid as loi to loo, or in theinvcrfc 
iratio of their fpecific gravities. If the i Aftru- 
taeht were to be immerfed in water no decp«r 
than in the heavier ^uid^ the weight of the 
water difplaced muft be to that ordiMritjF 
difplaced by the inftrumeiit as lOO t6 xpi : 
for which purpofc the original weight of the 
inftrument muft be proportionally dtminilhed. 
What follows from this ?*• 

W. " The original weight muft be di- 
mlniftied t4t/* 

F. " So, if we would find the point for a 

fpecific gravity of 102, the original weight oi 

the hydrometer muft be to it's diminifhed 

Weight as 102 to 1 00. Confetipently -— '' 

' JK ^' The- originaVNm^t tBN&. \>t &«k 

Miibed tSt." 
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F. " I need not proceed any farther, as 
you muft be aware, that the degrees for other 
fpecific gravities muft be determined in the 
ftme way. Thus, if a o be put againft the 
pluce, to which the hydrometer finks in water, 
aod the other degrees be marked in a defcend- 
ii^ fcries i, 2, 3, and fo on, thcfe degrees 
will mark proportional diminutions in the 
ipecific gravity of fluids: o being eqi^l to 
lOQ, or i.oo;. I, to 1^01, or i.oi $ 2, to 1029 
or 1.02; 3, to 103, or 1.03." 

fT. " But it feems to me, that it muft 
be very difficult, to divide an hydrometer ac» 
curately in this way/* 

F' " You are very, ri^t, for great nicety 
is required, to increafe the weight of the hy- 
drometer precifely uV, inr, 57, or to diminifti 
it tJt, T«f , tJt, and fo on. 

* In fa6t, if we did not think much of the 
trouble of a little calculation, we might go to 
work in a much more certain way. We need 
only make an hydrometer with a little cup at 
the top, into which we might put weights, 
to fink it to a given depth in all fluids. 
Thus, if I had an hydrometer weighing ex- 
aftly 506 grains, I Ihould rnake a rcA.\V;.otv 
6fe item, to wbich it Ihould aX^^.'j^ \>^ vcd- 

C-2 
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cnerfed. Now, fuppofing, that I mufl: put Iml 
the cup thirty graiosi, 4:o link the liydrom 
ter to th» mark in pure watery the wat 
diiplaced would weigh 530.grsuiis: Tuppofii 
too, that fixty grains would be required, 
fink it to the fame imark in a (blution of (a! 
the brine difplaced muft weigh 560 graii 
Confequently^ as an equal bulk of the iiiftr 
ment Was immeefed in both cafes, the abl 
lute weights of fluid difplaced <nuft be 
jjo to 560; and, as it is ufual, to take t 
weight of pure water as the unit, or Aandai 
we have only to calculate, by the rule of pi 
portionjj as 530 is to 560, fo will one be 
the ipecific gravity fotighL , 

530)360(1.036 
3000 



3180 
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•• This is evidently a better way of p 
feeding, than the troiib\e(bme^^^lxv^v^t 
mcibod of graduating tk^ ftfixa:' 



IE 

fpn 
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TT. *• Why, then,- do pedplc graduate tte 
fiem?" 

F. " Becauie, when once the infthiment 
b finUhed,. no* farther calculation is required; 
nothing more^being necefiary, every time you 
ufe it, but to read the degree marked on 
the fcaie, which is certamty the eafieft way. 
Difierent hydrometers have been eonflrudled^ 
in which both tfaefe methods have been united 
to a certaptn degree; but for thofe, who with 
far the greateft poiTible nicety, far the bed 
ii that invented by Mr. Nicholfon, on the 
principle above mentioned, which is ingent* 
Guily contrived to determine the fpecific gra-^ 
fitics of folids alfo, 

** Now you have thus gone through the 
conftruftion of the hydrometer, you will pro- 
bably find the following dory both inftruc- 
tive and entertaining." 

CHAP. vin. 

TffE CHEAT DETECTED. 

Fi " About two hundred and fifty years 
before Chrift, a .celebrated mathematician*. 
lived at Syracufe, named Archimedei^^ ^\v.qS^ 
iarentions and writings were ot ^xc^X fetsv^ 
C3 
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to bis £dttov¥ citizens^ as well as to the 
fcience. This ancient may be called thc.&- 
thcr of hydroftatics, for he wrote^ among his 
other works, a book on bodies that fwim i&i 
water. The ftory, with which I am. now - 
going to acquaint you, is not to be found in ; 
what we have of this book however, but io i 
another ancient work, in Vitruvius On Archi- 
tedure. Many, indeed, hold it to be a £i- 
ble, becaufe it is not come down to us in the 

Writings of Archimedes himfelf : but certain^r. 
this is not a fufiicient reafbn for deeming it 
untrue, particularly as we have not the worl^ 
of Archimedes entire. At any rate, it is 
neither improbable in itfelf, nor unworthy rf 
the man. If you have any inclination to tr^ 
whether you underftand latin enough to traoT-' 
late it yourfelf, reach me down that gieaC 
book/' 

William was very ready to do this, as he 
had found, on more occafions than one, that 
there were many things new to him in fimilar 
old books. Accordingly, having taken dowa 
Vitruvius, and turned, as he was diredcd, to 
the third chapter of the ninth book, with his 

ikth^*s a/Sllancc he reaA a& foWom. 
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• <* Among tbe various and admirable in* 
ventions of Archimedes, the following appears 
to me the moil ingenious. 

** When Hiero of Syracufc wais exalted to 
tbe throne for the re^itude of his condud, 
be refolved to dedicate a crown of gold to the 
immortal gods. Having agreed with a gold<« 
foiitlifor the fabrication of this crown^ tho 
doe quantity of gold was accurately weighed^ 
and delivered to him. At the appointed 
time the crown was finiflicd; the king waa 
^isfied with the workmanlhip; and tho 
veight was found to he jud. It was not 
loog, however, before a report was fpread^ 
that the workman had purloined a portion of 
the gold, and fubftituted iilver in it*s place. 

" Confidering his own honour involved 
in the queftion, Hiero was greatly incenfedt 
but knew not how the truth was to be dif- 
covered.' Accordingly he referred it to Ar- 
chimedes. 

• ** While Archimedes was endeavouring to 
devife fome means of dete&ing the cheat, he 
one day obferved, as he was going into the 
bath, that the water flowed over the brim, 
in proportion to the fpace occM^\tA V^^ V\\ 
bocfy. This inflantly fuggeft^ed lo\v\% xsiffA^ 
c 4- 
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afolution of the problem; and,x)vercome witW 
joy^ he fprung out of the bath, and ran home, 
naked as he was, crying, as he ran, M have 
found it ! I have found it !' 

•* In confequence of this <lifco very, we 'aro 
informed, he took t^o mafles, one of gold,^ 
the other of filver, each exaftly equal in 
weight with the crown; filled a veflel to the 
brim with water; and let the mafs of filver 
down into the water by a ftring.. Of courfe 
a quantity of water ran over, equal to the 
(pace the filver occupied. Then, having 
drawn out the filver, he meafured the watery* 
that had run over, and poured it in again^^ 
foihat the veflel was filled to the brim as be-: 
fore. Hence he calculated how much water 
anfwered to a given weight of filver. This 
being afcertained, he let down the mafs of 
^oid into the full veflel, in the fame manner, 
and, after he had taken it out, meafured the 
water that had run over. This, he found, 
was. not equal to the former quantity, but fo 
much lefs as the mafs of gold was lefs than the 
mafs of filver of equal weiglit. Having filled 
the veflel a third time, he put in the crown 
itfelf ; and it appeared, that more water rai^ 
over, than had done on the VmnAtAow c»i ^v^ 
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equal weight of gold, l^rom the quantity of 
water, that ran over when the crown was put 
in, more than the mafs of gold caufed tq over- 
flow, he found by calculation the weight of 
the filvcr mixed with the gold, and thus the 
cheat of the goldfmith Was detefted.*' 

F. " So far Vitruvius. I muft obferve 
ta you, however, that Archimedes took it 
for granted, in his experiment, tbatgoldand 
filver melted togethw would occupy juft the 
fame fpace, as the two unmixed : but this 
was an errdur. In moft cafes of melting m.c*- 
•tals together as well as in folutions, and mix- 
tures of otherkinds, the compound occupies - 
lefs fpace than the ingredients would, have 
done feparat^ly, one of the fubfl:ances pene- 
Iratinginto the int^rftices of the other. 
. " If gold and filver did not penetrate each 
other, the adulterated crown would have been 
li^rger, and Archimedes would have found, 
that the goldfmith had employed more filver>: 
than his experiment led him to conclude. 
But in faft the crown was lefs,, than it ought 
Id have been, on his hypotiiefis;. fo that he 
cftimated the filver below it's real quantity^ 
doing the goMftnkh no wrongat\t^^\^^.\\\v 
mffcniousdifcovQYy.'^ 

<2 S 
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GHAP. IX. 

now Mvcn silver was there ik th£ 

CROWN? 

Father. ** ViTRUvius, whofe account 
you have juft read, merely fays, that thecrown 
coft a vaft fum of money; immani pretio are 
his words j but he gives us no information con- 
cerning it's weight, or the calculation of Archi- 
medes. If, however, you would go through 
the experiment of Archimedes, we might 
fuppofe, that the crown weighed twenty 
pounds, and the wJiter it difplaced weighed 
one pound and a quarter : could you not find- 
from this the difference of fpecific gravity 
between the water and the crown ?'* 

William. " As the crown weighed 2olb, 
and the water, that occupied the^fame fpace, 
weighed lilb, I have only to divide 20 by 
li, and the quotient,^ which is 16, infornis 
me, that the mixed metals weighed 16 tinjOs 
as much as an equal bulk of watef*/* 

F. " You may remember the difference 
^twecn gold, and filvet, arvd>Nal«> ^YwwkNHjt 
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were on the fubje6t of fpecific gravity the 
other day [p. 5] 5 but, as an -^bitr^ry pio- 
portion will anfwer our piirpofe of explain- 
ing the -experiment of Archimedes equally 
well, we will take it in round numbers, *reclf on* - 
iiig gold ^twenty times as heavy as water, 
and filver ten times as heavy. Thus, wbe|i 
Archimedes immeried 2olb. of gold ih the 
w^er, how much water wa$ difplaccd ?'' 

IF. " One pound/; 

F. ^* And when he immerfed twenty poun<}^ 
of filver?" 

JF. " Two pounds of water." 

F. "Well, now we have to find how to 
compqfe a mafs of gold and filver, which 
(hall weigh twenty pounds, and difplacc a 
pound and a quarter of waters in doing which 
we may reafon thus. 

" Mere filver we muft not- take; as it 
would difplace three quarters of a pound of 
water too much. Is this evident to you ?*'* 

W^. " Yes; for mere filver would difplace 
two pounds of water, which are three quar^ ^ 
ters of a pound rtiore than were difplaced by 
the tnixcd mafs." 

F. " .And mere gold we mu& ivo^. Vikft> 

£»- '' 

c 6 
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W. " That would dilphce a quarter of a^ 
poundtoo little/* 

F. " Should we then" take equal parts of 
eachr 

William ccmfidcred a little, without ven- 
turing to anfwer, for be was at a lofs to know 
how to calculate. 

jp. " A little calculation will fhow us, that 
this would be wrong. Suppofe I took ttn 
pounds of filvcr» how much water would they 
difplace?^^ 

FFV " One pound/' 

F. " And ten pounds of gold ?'* 

W. « Haifa pound." 

F. " The whole twenty pounds of the 
qiixture; therefore P* 

W. " A pound and half. But this could 
not b^ the mixture, as it difplaced only a 
pound and a quarter.*' 

F* " We muft proceed in fome other waf, 
then; and, I believe, it will not be difficult 
to find the right. Attend to what I fay, and 
tcU me what you thinks 

•• The quantity of gold, that we muft take, 
would^ difplace lefs water^ than a piece of 
the mixture of equal weight. Is it not fo^?'* 
^W. « Certainly.*' 
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F. •* But the filver, that wc muft take^ 
would difplace mor^ water than an equal* 
weight of the mixture would diTpIace/' 

IF. « That is very clear." 

F. *• Well, then, if wc were to take gold 
and iilver in fuch proportions, that the defi-^ 
dency in one cafe (hould be equal to the fur* 
plus in the other, would they not balance 
each other ? and would not the two together 
difplace juft as much water as the goldfmith's 
mixture ^" 

" I have found it ! I have found it !'*" ex- 
claimed William joyfully, in imitation of Ar*^ 
cbimedes. 

F. " It is as good as found, indeed : but 
be not too hafty. Archimedes,, when he leap- 
ed out of the bath, had probably advanced 
as far as wc have done : but the lafl ftep o^ 
the procefs was to be perfouned in his iludy» 
and we mufl follow^his example. How then 
muft I proceed, to take a due proportion of 
gold, and a due proportion of filver ?" 

Wf " So that the deficiency of water, dif- 
placed by the gold, njay be fuppti^d by the 
greater quantity, that the filver difplaccs.*' 

F. ^^ But twenty pounds of gold difplaced 
a quarter of a pound too little> and twenty 
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pounds of (iWer displaced tbft« quarters d 
pound too much : was it not fq f**^ 
W. " Wc found it fa juft now." 
F. "In equal weights, then, of gold, of filvi 
and of the mixture, whether tbcy weigh ea 
twenty pounds or not, the difference betwe 
the quantities of water difplaced by the mi 
ture and by the (ilver is three limes a3 gres 
as the difference between the quantities d 
placed by the mixture. and the gold ?'' 
W. " Certainly/' 

jp. ** Well then, if we take three tira 
as much gold as filver, how will the difi 
. rences be ?" 

W. " They will be equal/* 
F. " The gold and filver muft be take 
then, in the inverfe ratio of their difference 
and thus, in our cafe, we muft take thr 
povmds of gold to one pound of filver. Y< 
can now calculate the quantities, I fuppofe 
W* ** Yes. Three pounds of gold and o; 
of filver make four pounds ; fo the mixtu 
muft be three fourths gold, and one foun 
filver. One fourth of twenty is five, ar 
three fourths of twenty are fifteen : accon 
ing^ly there muft have heea fifteca pounds 
golif, and Ave of filver/*. 
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CHAP. X. 

THB WONDERFUL BALL5. 

I 

Henry to WillianL 

" I received much pleafure, my dear bro- 
ther, from the defcription, in your former let- 
ter, of the fimpk and judicious method of 
lemoving a houfe. What the mechanic is 
capable of effe<^ing by means of machines is 
tertainly wonderful: and if the nature of bb 
inaterials> and the place on which be is fq^- 
ed to (land, did not prefent him obAacJes ii\- 
furmoimtable, his mediate powers would be 
unlimited. Archimedes (aid to the king of 
Sicily^ when ftruck witli ailonifliment at 
the efibcts produced by his machines : ^ give 
toe j^ut a place out of the Earth to fland oo^ 
aad I will move the World.' The eicprei&on 
n^ certainly ftrong; and Archimedes well 
ibew, that it was impoffible to conftru& 
wheels and a lever capable of executing the 
gigantic thought. The king might have 
tnfwcredy ^ I cannot give yo\i vi\\«A. ^ovx \^- 
gulre io move the Earth, it U tT\xc\ >d>Av'^^ 
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Thefe caught hold of the prows of the fliips^ 
raifed them up on their ftems, and then fud^ 
dcnly let them falL The terfiWe (hock a 
Ihipmuft receive, thus falling from the height 
of the wall, with all it's men, andaH it's ftores • 
on board, may readily be imagined^ If haply 
-it fell ftraight inta the water again, the 
violencev. of the hSL immediately engulfed it 
in the waves* . ' 

** Marcellus was now convmccd, tha* hef^ 
could, do nothing oa the lide ^ the fea, and 
therefore drew off his forces from this parti, 
that he might make a more powerful attack 
by land. But here likewife every place was 
amply fupplied with the means of refiftance- , 
The fortifications^, on: whict^Hiero had' for 
many years employed every care, and much 
coft; the works, which the incompiffahle art 
of Archimedes had ere<£ted ; and a fituation 
-ftrong by nature f favotwed the defence,, and 
fruftrated the attack. The foundations of 
the walls were fi^ed on a deep rock. This 
gave the befiegers the advantage, thistt thetr 
miffile weapons were difcharged with more 
Certainty of execution,, and blocksof ftone,. 
rolled down, made great havock among the 
^cjicmy^ wherever they ventuttA to ^^t^^Oci. 
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pound produced only five balls, though thefe 
weighed as much as the former fix. Thus it 
was apparent, that the particles of the iuclted 
tin muft have infinuated themfelves complete*^ 
\j into the interftices of the melted copper. 

" Probably you wifli to know more of 
Archimedes.* If you requeft our father, to 
kt you tranflate the 34th chapter of the 24th 
book of Livy,you will the refind many things 
itrpcAing him, that will afford you muck 
gratification. 

^ Farewell, my dear brother, and kt ma 
foon have the pleafure of reading another let« 
ter from you.** 

- H. G/^ 



CHAP. XL 

A FRAGMENT OP LIVY.^ 

The paflage in Livy, which WiUiam was 
«gcr to perufe on the recommendation of his 
elder brother, will not be unentertaining, we 
imagine, to our young readers. 

'^ The city of Sy racufc wa* befit^^^v^'*^ 
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of the ftory may have originated from a miC- 
conception, or a fault of fome tranfcriber, 
which will readily account for it. It is not- 
difficult to imagine, that Archimedes may 
have burned the roman (hips by means o£ 
dairts or arrows catrying fire; which was cek^. 
tainly more eafy, tliaii to fct fire to them by 
ftieans of burning-glaiafes. Were this thefiu9:^ 
fome latin author perhaps may have related^ 
that the (hips were hmatd Jpitmlifardenfibus^ 
and ibtne tranfcriber may have written^y^b^t^- 
lis ardentibus^ inftead of thofewords. 



CHAP. XII. 

!r«E lt£Ki>lNC iTEEPLE S^ET tPRICHT. 

William was fillied With admiration of 
the great aitift, whofe genius baffled the ef« 
forts of atoighty anhyt Hdforraed to him«* 
felf fuch a lively idea of a huge iron book 
defcenditag from the wall, catching bold of ;a 
fliip, lifting it up into the aif, and again tet«^ 
ting it &11» fo as.'to da(h evetytbibigjindt to' 
SkifeM^ that he O^zjSSbAAtas!^^^ 
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himfclf had been prefent, and which we would 
lay before our readers, could we anfwer for 
it*s accuracy. In many books, it is true, we 
find reprefentatioris of things, which the ar- 
tift never beheld ; but this is a liberty, in 
i^hich we will not indulge, as it can lead only 
to erroneous ideas : we leave it, therefore, to 
every one's own imagination^ to figure to 
himfelf the (hips, the engines, and the perfon 
of Archimedes. 

'•"This is fomelhing more than removing 
a ftable !" faid William, when he got to the 

end of the chapter. 

" Certainly :'• anfwered his father, who had 

aiSfted him in his tranflation from Livy. 
** But I couM tell you of other performances 

by means of mechanics, both in ancient and 

modem times, at which perhaps you would 

not be left furprifed." 
W. ** Will you teM me fomc of them? 

Ydu know, I like to hear fuch things/* 
F. ** Very willingly: but firft let me aft, 

80 you remember the chief laws of the lever, 

the pully,'and the inclined plane, which 1 

litdy explained to you ?'' 

' "WilTim hkd written down tVvefe^ lV?Jt>te. 
U^idtA sftbeai occafiomA^, to Vc^^x* 
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them in his memory,^ and knew the 
heart. ' 

9r. ** In the lever, and all machine 
ilrufted oa the principle of the lever, a 
ibms, winches, wheelwork, &c., to pr 
an equilibrium, the power and the v 
muft be in the inverfe ratio of their di: 
from the centre of motion; that is, in\ 
as lines drawn from the centre of motioi 
pendtcularly to the diredion of the fore 
** in the inclined plane, the weight 
the power, if this be exerted in a din 
parallel to the plane, as the* perpend 
height^ of the plane is to it's length; 
power be exerted in a diredion parall 
the bafe, as the height is to the bafe o 
plane. 

. ^ In the ufual compound pulleys, < 

tackles, a power can fupport a weight as i 

times greater than itfelf as the numbi 

times the rope by which it is fufpended j 

sound the pulleys." 

, JF. *f Very right ; and thefe few prim 

will fuffice, to gives you a general idea c 

operation of many ufeful machines. I wil 

you now of a mechanical performance, w! 

/^ ffnoi tobc compsMced vi\\\v iWLt ^ Ksl^\ 
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des, was at lead: bold, and executed witli 
fuccefs. It is not, however, the greatefl, or 
moil celebrated, of modern times. Who- 
ever fees a h^h tower, which from age, or a 
defe& in it'sconftru&ion, inclines to one fide, 
fo that the upper part threatens to tumble, 
down, will fay at the firft fight, it mud be 
taken down, and rebuilt in a perpendicular 
pofition : the mechanical genius of an able 
archite£t alone could form the bold refolutioa 
of reftoring it to it's perpendicular as it (lands. 
The foldier, it is true, holds up his head» 
and (lands ereft, at the word of command : 
but fteeples are more ftifFnecked. The greater 
power of mechanics, however, can force even 
fteeples to obey. 

•* The circumflance I am going to relate 
took place in Hamburgh fomc years ago. 
The fteeple of St. Nicholas's church in that 
city is conilruded of maiTy walls to a certain 
height. The upper part, in which there is a 
ring of bells, reds on eight pillars. Thefe 
pillars perhaps were not fufficiently firm at 
their bafe, to refift the continued force of 
the ftrong wefterly winds, fo that theyac-. 
quired an inclination to the eafl, and this in 
fuchradegreci as to deviate near a foot and 

VOL. II, D 
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half from the perpendicular, which is no 
trifle. An architeft, of the name of Sonnin, 
undertook to' fet the fteeple upright again. 
Confider now the difficulties he hid to en- 
counter. In the firft place, the power required, 
to give fuch a vaft body the proper direction, 
could not be fmall ; but this was the leafl dif- 
ficulty : in bending a body of fuch a kind by 
forcible means, was there not great reafon to 
apprehend, that it would be thrown 'down ? 
and then, by which moft people would havb 
been deterred, it was neceffary to apply the 
force to the upper part of the fteeple, to bend 
it to the weftern fide. Was not Sonnin here 
ahnoft ia the cafe of Archimedes, when he 
required a place, from which to move the 
Earth ? Where, at fuch a height, was he to 
find a firm ftation for his machinery ? The 
point, from which the power muft ad, was 
h^h iathe air; and to ereci: a fcaifoJd of fuch 
a.height, with ftrength fufficient foi the pur* : 
po&f, would have required an expenfe mudi 
too great. Sonnin furmounted this difficulty 
fay. very fimple means, fuggefted to bis mini 
probably by the tackling of fliips. The mafil 
eflential parts of it I wUi exhibit ta yixi in a^- 
f%ure; whether the fteeple be lik« tliiU dE 
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k. Nicholas, or not, is little ^o the purpofe,- 




-■^■^.■^m 



" A ftroi% beam, C D, was mada to bear , 
;ainft the bafe of one of the pillars at C, 
icrc it' was firmly fuppofted, in an inclin- 
pofition. It's upper end, D, was conneded 
th the top of the pillar by means of a tackle, ^ 
B, and fecured^below byftrongiron chains, 
lending perpendicularly from D toward E* 
dc chains held the beam fad, (o iVv^l \>x^ 
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adion of the tackle could not move it to- 
ward the pillar ; confequcntly it muft move 
the head of the pillar toward the beam. 
Thus the fixed point in the air was found, 
from which the power could aft. The end of 
the tackle defcendcd from the block B, and 
was fattened to a windlafs in the lower part of 
the building. A fimilar apparatus was ap- 
plied to each pillar ; for, if the attempt had 
been niade by pulling at one pillar alone, no 
doubt the conneftion of the parts would 
have been injured, and the fteeple would 
have tumbled down. It was necelOfary, there- 
fore, to apply an equal force to each of the 
eight pillars. ' , 

" We will now inquire how gre^t the 
coUe&ive power of thefe engiiies may have 
been. Suppofe we reckon eight men to 
each windlafs, and coniider each as applying 
a power of ^o pounds to his handfpike. 
What was the amount of the whole power 
applied to each windlafs?'* 

JF. " Eight times 20, or 160 pounds." 

F. ** We will fuppofe, too, that from 

the part where the men grafped the hand- 

^ipikes to the axis was fix times as long as the 

femidiameter of the windlafs : how much 

would this increafc the power ?" 
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W. " Six times : fo that it would be 6 
times 160, or 960 pounds." 

oP. " If we farther fuppofe, that one of 

the blocks had three (heaves, the other 

four, fo that the rope pafled feven times 

round them, what follows ?'* 
W. ** That the power was increafed 

feven times; confequcndy would be feven 

times 960, or 6720 pounds/* 

F. " Now, as there were eight fuch ma- 
chines, one for each pillar, how great would 
te the power of the whole apparatus ?'* 

W. " Eight times 6720, or 53760 
pounds/^ 

F. " Such a vaft power muft certainly 
have been more than fufficient ; for it was not 
required, to lift the whole weight of the 
fteeple, but only to move it iibout eigfitcea 
inches to one fide. The weight to be moved 
was ftili fupported by the pillars ; fo that 
the machine had only to overcome it's lateral 
preflure, and the friftion and preflure of the 
joints of the mafonry that were feparated/* 



D X 
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CHAP. XIIL 

OF THE FIGURES AND COLOURS OF 
CLOUDS. 

No doubt, my young neadcFS^ you haiwe 
often beheld with delight the beautiful ftp- 
pearances, that the clouds daily exhibit*. 1 
can remenf)ber well the pleafupe I ielt, at an 
early age, in contemplating thok floating 
mafles of infinitely diverfified Shapes, colcttu^^ - 
and motions. We are fo much accuftonEifid 
to the fight, however, exhibited gratis too, 
that we pay it lefs attention than it deferves. 
Clouds diftinguilbed by their fplendour at^ 
perhaps loofeed at once, and admired; tbougfa 
their fplendour is only borrowed, lik^ that 
of many perfons of diftinftion: wh^e thofe, 
that appear ift more fober colours, pafs un- 
noticed, iike one of the crowd; and we 
never deign to caft an eye upon theiu, uh- 
lefs when we wifli to know, whether we may 
take a walk without danger of a (hower. 
The clouds, however, dtfexve tob^i cotv- 
^dered as objedls of uatuxa\pV\\ofo^Vj> ^xA 
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objefts by no means deftitute of amufe- 
' ment. 

We will firft confider their .figure. This 
fcems to be altogether cafual and irregular i^ 
yet, if we examine them more minutely, 
particularly thofe in the higher regions, we 
Ihall find them more regular, than ^ny one 
At the firft view would fuppofe. They ap- 
pear, in faft, to form parallel circles round 
the iEartfa, for the moft part cut perpendicu^ 
Jaily to it. Thefe parallel circles, indeed, 
ire often thrown into diforder by the winds^ 
but, by a little attention, wc may foon 
iK&era Ifaeir original dire&ion. Each pa» 
lalkl ctrdeconfifts of feveral clouds, as a file n 
of ibldiers coniifts of feveral men. Thk 
ferm is apparently not owing to the wind, 
vhich frequently has a different direAion^ 
but to an undulating motion of the air, re* 
ibnbling that of water, when a- Aone is 
thrown into it. We may obferve, too, in 
thefe zones of clouds, that their progre& 
is partly a parallel advance in a particular dir 
redion, partly a circular motion, as round a 
centre. In clouds that hang low this n^«H 
Jjuk/ is not to be obftrved •, for, ^& \\v5?§ ^tfc 
^jjear^ wc fee too friiaU a pocUQti Q't ^iiwWK^ 

^4 
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and in general their motion is taStt liable to 
be difturbcd. 

Single clouds, particularly in the lower 
regions of the atmofphere, exhibit the mdft 

-• diverfified forms, baffling all defcriptioto. 
Sometimes they reft on the hbrizon, tower- 
ing over one another lite fnow-capped 

- mountains ;: at others, th'ey^^abbut, rag^ 
and difperfed, in a thoufand fli^s, finDrp 
which the imagination may figiire out cattlets, 
or ouzels, with Hamlet, or all the inonfters 
of romance. They chafe esjch other, colfeft 
into one mafsj or break into fragm^tv 
varying their outlines eve^ momiiit. ftUt 
lower edges next the Earth ai«:Cbitttnbidy 
iharper, and lefs bix>ken than tbef 'upper, 
which arc ragged, like rcfckr, trees, or the 
like. 

It is very entertainmgi t6 obfervtf '4he 
Vhang^s, which they are continually* iindeift 
going by imperceptible tranfitions. Thedt 
is feldom fo completely ftill, that a doud, 
on which you have fixed your obfervation, 
iretains it*s form unchanged many minutes. 
But changes in the forms of clouds are not 
occBiioned by the motion oi \Vit w A<»Dfc\ 

evspdration and. conderiCaUoxv V^Nt cotS\Afti 
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able effpft in producing them. If you fix 
your eye attentively on any particular part 
of the upper edge of a cloud, you will often 
clearly perceive a vapour afcending from it^ 
as (team does from boiling water, with a 
whirling motion, which is perceptible even 
to the naked eye, though more fo to a telef- 
cope of moderate power; and this vapour 
either fepamtes from it, preferving a vifible 
form, oris gradually attenuated, and vaniQies 
from the fight. This pleafing appearance I 
have obfibrved particularly in the month of 
march) toward noon, when the previoufly 
cold cloud has become warmed by the Svtn 
approaching the meridian, in places where* 
the edge of the cloud, wJiitened by the^ 
Sun's- light, has had a clear deep blue iky 
for the back ground. 

As parts^ of clouds,: or even the whole,, 
are fometimes diflipated by evaporation, and 
become invifiblei at other times they arife;, 
and are enlarged, apparently out of nothing,, 
rf which we (hall fay. more prefently. 

But who can defcribe the variety of their 
colours^ with all their tints and" (hades I 
What painter can imitate them» w\\\^^x\\vj 
pigments,, fmce be cannot dip Vu'^) \\ewc\ vc* 
j> 5 
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ethereal light ! To day, while a bcneficiai 
rain moiftens the dry earthy the whole ho- 
rizon is covered with one uni&rm duiky 
gray. Yeftcrday, fmaU, white, fleecy clouds 
floated over the blue &y^ and, collcftjng in 
thq Weft, announced to day's rain. Dufky, 
leaden, and brown thunderclouds hung be- 
low, threatening to fall ii» i body on the 
ground, as too heavy for* air to fuppoft. 
Again, at funfet, or at funrife, what a beau-' 
tiful difplay of hues ! Here float rofe- 
colour, purple, red, violet; there, nearer 
the horizon, are the blue mountains of clouds 
fkirted witfi gold; and in the higher regions 
float ftreaksrf fire. The colour and fplen- 
dour of the clouds evidently depend on their 
pofition with refped to the Sun and the ob- 
ferver*s eye, and partly to the qualities of 
the vapour, of which they confifl:; as they 
are all occafioncd by the various refraftion 
or reflcdlion of the rays of light* 
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CHAP. XIV. 

OF THE MAGNin/PE AVD WEIGHT 01^ 
CLOUDS. 

Clouds e^ently diflfer in fize. Therfe 
am (fnall clouds, that appear like flocks of 
wool; and large ones, that cover whole 
regions. Men have already attempted to 
meafure clouds; and though little accuracy 
csm be expefted ip fucb an undertaking, we ^ 
may, perhaps, form fome xonclufions re- 
ading their bulk. - 

-" How can clouds be meafured ?'* per* 
kaps my young readers will lay. 

In fmall clouds, theic m^nitude may be 
ioferred from the extent of the fhadow they 
cafton the ground. " But," you. will fay-,, 
^ the (hadow may be much larger than the 
cloud itfelf ;. for, if I hold a piece of paper 
between a candle and the wall, the fhadow 
is much tai^r than the paf^/' That is 
true ; and fucb. of you, as hav^ learned the 
dcn^nts of geometry and optics, viill Vit^ow^, 
timt ths Jbadows will be in -jrco^^VwsvKs* 
D. 6 
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the fquares of the diftancesj fo that, for 
example, if the wall be three times as far 
from the candle as the; paper is, the (hadow 
will be nine times as large as the paper* But 
with. regard to cloudsr and in general .whea 
the light comes from the Sun, we may con- 
fider the (hadow ks exafUy equal in breadth 
to the body that dccafions itf for the Sun is 

. at fucb a diftance from the objed:, that the 
difference between it's diilance and that of 
the earth from the Sua cannot come . into 
calculation. . The thicknefs of a .cloud can 
be obferved bed by amending high moun- 
tains. .You may often fee a cloud hanging 
on the fide of a mountain over you. . Whc^n 

. you afcend to a certain height, you will find 
yourfelf in a. thick mid, which is nothing 
more than the cloiid : and, by continuing 
your progrcfs through this mift, you will 
|ind, at length, the clear iky over your head^ 
and tlie cloiid beneath you* . Thus you may 
e^ly calculate, it's thicknefs* 

We may form fome conjefturc alfo of the 
weight of a cloud of a given thicknefs. Sup- 
pofe a cloud be 6000 feet long, 6000 feet 
broad, and 1000 feet thick i allowances 

being made in this calc\alaUoik fot xJas.^n^'s^ 
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larity of it's (hape, fo that what is left in 
one part may be compenfated in another: 
the cubical contents 'of this cloud will be 
36600000000 feet. If we reckon the 
weight of a cubic foot of the air, in the 
region where this cloud is, to be one ounce ; 
and we know, by the laws of hydroftatics, 
which we had bccafioh to inveftigate m a 
preceding chapter, that it can remain ftation- 
ary only where it's fpecific gravity is cxaftly 
th6 fame with that of the air, the (pace dF 
which it occupies 5 we (hall find the weight 
of the cloud to be 2250000000 pounds. 

If we coafider the vapibur, which properl;^ 
conftitutes the cloud, to be only a thou- 
fandth part of the weight, which muft be 
a very thin cloud however, we fhall have 
for the weight of the aftual fubftance of the 
cloud- 2250000 pounds. Mufchenbroek 
reckons the weight of the vapour at ontf- 
tenth, which would be a hundred times as 
much as we allowed in our inflance. 
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CHAP. XV- 

OP THB 9EI0HT AKD DJSXAStCI OJP 

Cloves. 

To afccrtain the height of clouds witl 
tolerable accuracy, unlefs it be fuch as w< 
can reach by aicending mount aios, is fcarcel] 
pradicable. The mere eye informs us, thai 
they float at very different diilances fron 
the fur£u:e of the Earth. Heavy thunder 
clouds hang very low : even on moderately 
high mountains, you may fometimes fee tb 
lightning beneath you. This beautiful na 
tural phenomenon may be feen on thi 
Brocken ; and as this mountain is not mud 
above 5000 feet in perpendicular height * 
it is evident^ that thunder cjoudis may ug 

• TbcBrockes in SM#ny» lifee many other l^ghmoiu 
tains, has been reckoned by many much lower than it i 
It*s fnmmit has been eftimated by obfenmtions wSt 
the barometer at 500a feet above the level of d; 
town of Wernigerode ; but Mr. Kifs has found it, b 
trigonometrical meafurement, to be 5^00 fed^- 
triSiag diSerencc 
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proacb witbio one or two thoufand feet of 
the furface of the Eartb. 

The ligbtt white, fleeqr dlouds float at a 
very great height. Sauflure, who afcended 
the higbeft motintain we know io the old 
world, beheld th^tn apparently as high above 
him on it's fuxnmit, as if he had been on 
the plain ground. Heavier clouds than thefe, 
too, muft be found higher than the futnmits 
' rf the loftieft mountains ; for they kt fall 
(how upon thefe fummits. Bouguer ob- 
fenrcd clouds in South America at leaft 800 
fathotps, or 4800 feet, above the fummit of 
Chimboraffo, and this mountain rifes mori 
than 19000 feet above the furfacc of the 
fea. . 

Perhaps fome of my young readers will 
aft:, " How can we meafure the height of 
douds, which we cannot reach?" Such; 
however^ as have fludied geometry, wiU 
koovip that more difficult problems may be 
Iblved by it'9 aid. In theory, the matter in 
qioeftion is eafy enough ; yet we cannot prg- 
Qii£b ourielv^ much accuracy, wh^n we at*- 
tempt to put it into pra&ice. This, faow^- 
emr» is owii^ to no defcd in tVve (dtxict. % 
ffftamctiy: the difficulty lies in de\&imm\t^ 
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a certain point in a cloud, and 0bfenrIflg 
it from two ftations. As the whole figiat 
of the cloud is fo indeterminate, and it's 
outline fo irregular ;^ as a point, oo whid 
the eye may fix- at one place, may be ^oor , 
cealed by other parts of the cloud from a ' 
ftation a thoufand yards off| and as the form 
of the cloud is continually chan^ng ^ it ji * 
obvious, that two perTons cannot fix on ^ ";: 
point to be obierved with an jr great degree j 
of certainty* - : 

If they did iucceed in fixing on a deter- : 
minate point in the cloud, the two ob(ervcF» 
fiiould ftation themfelves all {owe diftancc 
from each other, where the ipace l>etweeh' 
them could eafily be meafured; obfervc the 
point fixed upon at the fame inftanlt ;. and 
take the angle, whicba line dtawn from thiS' 
point to the obfertm^'s^ eye would make with' 
the line drawa horix One ftation to the other.- 
From the two angles thus^ taken^ and the^ 
mieafare <^ the line between. them,» the per* 
ptn^iculat height of the point obferved* 
might be found;. Thr inftaot when the 
obfervation is to be raiade from botb ftations 
muft be fettled; and each obferver mufl: be* 
provided^ for the B>^spQ&r "vi^ v '94^3^eBk 
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: tells feconds, that they might make 
r obfervation at the fame fecond of 
J; or one majr give the iignal to the 
?r by difcharging a piftd. The diftance 
vreen the two ftations muft not be too 
II. 

^ we prefume fome of our readers arc 
lainted with tngonometry» we will add a 
dfe accoiint of the maniier of calculating 
height. Let C> in the triang^ beneath, 
he point of the cloud obferved, A and 
he obfcrvers' ftations. 



I'. 
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angles at A and B, and the length o^ 
ine between them, arc known. Hence 
angle at C may be found, and thenQne 
ie other fides, for inftance AC, by the - 
ortjon, as the fine of C \s to tVvfc '^tv!t 

fo is A B to A C. ' WVifeu^o\x'\vM^ 
'^und A C, the fide C t>, lulVic te&.- 
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ar^ular triangle A C D, or pcrpcndu 
fougbl), may be calculated by the pro 
tion^ as the fine of D is to the fine of 
fo is A etc CD. 

By this inode of meafuriog, Ric 
found the height of clouds not al 
oz^opo feet. 

JHbwever, as this operation gives onl; 
jfifM^m^tKia-to tiie'.true betg^ pec 
^•^ IbiiowMig mode mig^ be^advamagp 



-i,:» 1. 
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Let C D fee -the diamefer of ^ cl< 

A B» the ^aiaaeter q( itV Ihadow on 

igfound) which muft be equal toC D> as 

rays of the Sun, C A and D B, are par; 

tEhc :angk C A B :is kno>8m, being tha 

iixt fun*s height above the horizon : fo ii 

: imgle A BD, as, with the former^ it i 

make iSo"*: Now^ while one perfon i 

> /iiffcs ^ the Jine A B, let aaol\\^x l^k.^ 

VigU jDA B. Thus, in t\\e twitv^^ ^ 

Vi?iiaFc the fide A Bt wtix Ocvt a.v^q ^j 
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angles, whence the third angle D, and the 
fide B D, may be found. Now, in the 
redangukr triangle B D £, we have the fide 
B D, the angle B, being that of the Sun*s 
altitude, and the right ang^e E, known. 
Hence the fide D E may be found. This 
proceeding, I confefs, will be liable to the 
feme difficulties in practice as the former; 
but it has this s^vantage, that the point D 
is to be ob&rved only'firom one ftation, A. 

There is another mode of finding the 
height of a thundercloud, which happens 
to be over-head, namely, by obferving the 
interval between the lightning and the thun- 
der. From the aftoniftiing velocity of 
light, the flafti may be confidered as feen the 
inftant it takes place; but found requires 
a (econd of time to travel the fpace of 1000 
or 1200 feet: if, therefore, five feconds 
tlaple between the time of our feeing the 
flaih of lightning, and hearing the clap of 
thunder, we may infer, that the cloud is 
about 6000 feet diftant. From_ the colour 
rf douds, too, we may form fome eftimation 
of. their height, as Bernoulli obferved, by 
noticing- the time that elapfes b^tV4c^tv vJcv'^i. 
f ietting of the Sun, and the vamftimor di v\vs: 
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appearance, as thqr pipceed tovraid the ho- 
rizon in the oppofite quarter. 

^' But,'* perhaps 6x»^ nqr mwe expert* 
enced young readers will fay, *^ it is juft tbc 
reverfe with the ftarsffor th^ ieem fiuther 
apart at the hoiuoii^ duin in thci zenitb.'* 
This is Tery true; but there ii'one eflential 
difference between the two ea&s: thediftsoce 
of the ftars is fo great, that they aie not per- 
ceptibly nearer to us in the zenitR, than at I 
the horizon ; though they aj^ar fi>, becaufe 

what we fee over head feems^ to us neater, than 

' I 

what we fee at the (a«ae <&fbnce horizoa* 
tally ; a iubje& on which I (hall enlarge OEiare i 
particularly on a futune occafion. Thys^ th^ * 
iapparent diftance of the ibars is in h& the ^ 
fame at the horizon, & in the zenith, but we . 
efteem it greater, becaufe we imagine, the;., 
flars to be more remote in that fituation:^* 
with the clouds it is otherwifejr they are fitf^; , 
more; remote fron^ us at the horizon, thuk* . 
when over head^ and confiequently their ap«>.; 
parent diftance is aftually leis. 

Suppofe we were to inquire how fiur a clo«^ 
that we fee at the horizon, muft beftom us^ .. 
eftimating it's perpendicular heo^ above the 
fwfacecfthc Eartiv to.be twatxiikav^>ao^^ 

5 
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The motion of the higher clouds, too, as 
they are more remote, is apparently flower 
than that of the inferiour clouds, though in 
faft the fame. On a windy day, when the 
Sun fliines, and only fingle clouds fly along, 
the velocity of the (hadow on the ground will 
aftonifli you fl:ill more, though this flies no 
fwifter than the cloud itfelf. 

The courfe taken by clouds in different re- 
gions of the air is not always the fame. While 
the lower clouds fly fwiftly, the higher may 
(land ftill, or even move in an oppoflte di- 
reftion : for at different heights in the atmof- 
phere. different currents of air not unfre- 
quently occur at the fame time. 

.When clouds, coming from the horizon, 
appear p^ly to advance itraight toward us, 
partly to take a diredion more to the right, 
and partly more to the left, this is an optical 
deception. As they proceed toward the eye 
of the obferver in a parallel courfe, they mufl 
appear to diverge, according to the laws of 
optics, , as their apparent diflance from each 
other at the horizon muft be lefs, than when 
they arc over the obferver^s head : and, for 
tbeiame reafoh, thefe very clouds, when they 
have pafled the obferver, muft converge in 
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the (quare of A B 15876; and the root of 
this is 1 26, the dift^nce of the cloud fcom the 
obferver in miles. Now a flrong wmd is ca* 
pable of bringing fuch a cloud from the hori- 
zon to the zenith in three hours ; for, if wc 
reckon the wind to blow at the rate of 60 feet 
in a fecond, it will move about 41 miles in 
an hour. 



CHAP. XVII. 

OP. WHAT DO CLOUDS CONSIST? 

The fubftance of clouds is nothing but va« 
pour. At a diftance, indeed, a cloud ap*. 
pears to the eye a folid mats ; but when, af- 
cending a hill or mountain, we actually come 
into a cloud, we perceive nothing but a mift 
around us, fometimes fo thick, that we can 
fcarcely fee ten yards before us, at other times 
extremely thin. 

The ignorant alone fuppofe, that the dark 
blue or brown, or the beautiful red and yel* ; 
low colours, exift in the clouds themfelvcs; 
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wliich is by ao means the cafe, Thefe colours 

are entirely owing to the rcfraftion and refleC'* 

tion of the funbeaip. When we contemplate 

the beautiful difplay of colours exhibited vA 

the riling or fetting of the Sun, we might 

■wiQi to be transformed into aerial beings, t<!i 

tccline on thofe foft purple and rofy maffes, 

and float with them high above the Earth ^ 

but he, who has once pafled a day and a night 

in the clouds,, a^ we did laft year on the 

Brocken, will have no defire -to make them 

lis bed* Our friends in Deflau probably 

* were enjoying the fight of the rofy clouds 

fringed with gold in their wefteni horison, 

while we, enveloped in the very clouds they 

. tdmired, wiihed them far away, becaufetiiey 

>pievente4 us from beholding the fetting Sun* 

Thus we are apt to be mifkaken in the value 

<^ things we contemplate -at a di dance, wheia 

we do not know what they really are, or neg- 

left to confider their real qualities^ and con* 

fine our thoughts to thefe. 

Qfwhaif then, do clouds confifif Of very 
fine bladders or bubbles^ as Sauflure's obfer«^ 
nations confinti ; exactly as the fleam afcend* 
ing from a kettle of boiling vjsiUt, ^^\>\^fi^- 
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ders of which are clearly enough perceptible 
to a magnifying glafs. 

But how are thefe bladders formed ? On 
this the learned are Jiot agreed ; and it would 
afford you Kttle amufement, my young read-^ 
crs, were I to give you their opinions, with 
the feveral arguments adduced for and againft 
them. Still you will be glad, probably, of one 
explanation at lead, capable of folving the 
phenomena, and we will therefore take the 
following*. 

In the firfl; place it is to %t obfcrved, that 
there is a very fubtile fluid, which prodtices 
heat, or warmth, icalled the master of heat. 
' This matter df heat is capable of combin- 
ing with the particles of wat^r, or any other 
fluid, fo as to diflblve it; and a fluid thus 
diflblved <in the matter of heat is called v^ 
pour. 

• The theory here given is that of .dc Luc, whidi 
appears to be the moil fimple, eaiieft to be compre-. - 
hended> and to explain the greater part of the pheno* 
mexia, at lead without violence. The Aeories cyfle 
Kou SaufTure, Hube^ .and otherA^ ace as liypotheticai 
as de Luc's ; and the iimpleft is the hoftior our porpofe^ 
though it may not be perfedly fatisfadory. The reader 
will remember 9 however, that \t i% ^vvtu «& cax^ycc* 
turil ordy^ not as an expUimUoi^ ua^wtokViwftA^ V"^ 
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Vapour, as long as the folution remains 
perfeft, is an invifible elaftic fluid. By an 
ielaflic fluid is meant a fluids that has a con- 
ftant tendency to pxpand itfelf, as much as 
the preflure, to which it is expofed, will al- 
low. The great force of this expanfive power 
iS evidently difplayed in the fteam engine, by 
jneans of which aftonifliing eflefts have been 
produced in mechanics. 

But the matter of heat has a tendency to 
leave in part any warm body, and enter into 
a colder in conta<ft with it, till both are 
qually warm. Thus when vapour comes in- 
to a colder place, a part of the folvent, or 
matter of heat, is abftraded from it, and 
fomething takes place fimiiar to what happens 
when ^e fluid in a ibiution of fait is dimi- 
niflied. In fuch a cafe, we know, the par- 
ticles of the fait unite in a determinate figure, 
and form cryftals : fo, when vapour is cooled, 
the particles of water unite, and form Mad- 
-ders. 

Yet why (hould they aflume this particular 
ihape? This we arc unable to explain; though 
it is not more ftrange, that water on fuch oc- 
cafiotis (hould always form bladders^ l\vaca\}waSL 
^feij&lt, when it cryftallizes^ ftio\ild ^SSSitftfe 
X 2 
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it*3 appropriate figure, of the caufe of whidh 
we are equally ignorant. 

And what is contained in ^tbefe bladders? 
That we cannot tell with any certainty. It 
muft.be a fubtile elaftic fluid, however, and 
of lefs fpecific gravity than the air, as it en- 
ables the particles of water to float in it. Per- 
haps it may be ftiil ^the matter of heat, or the 
:ele6lric fluid. 

Vapour may be condcnfed by preflure alfq, 
as wdl as by , the ibftradion of the matter of 
heat, when the preflure b carried to a, certain 
degree. Thus we may comprefs aqueous va- 
pour to a certain point, without the particles 
of water attrafting each other^ fo as to be- 
come aftual water : but if the preflTurc be 
carried beyond thi^ the particles of water wiH 
be brought fo near together, that their attrac- 
tive power will overcome the expanfive power 
of the matter of heat^ and the orapour will be 
in part decompofed. 

When vapour is condenfed into little blad- 
ders of this kind^ it becomes viflble, and not 
'before : and a coUeftion of fuch bladders, pro* 
duced by the vapours afcending into the afe- 
inoijplzere^ form what we ctaUmiftsandcloiuds. 
When they icCt om th^ Eia^xXXx^ ^ i^oaX^^ssia 
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felvcs may walk in them, wc call them mifts, 
or fogs : when they float in the air over our 
heads,/we call them clouds^ 






CHAP. XVIII. 

elEElV ANI> SHINING CLOUPS. 

To finifli the fubjedk of clouds, we . will 
add an account of fome remarkable for their 
colour, form, or fomethlng eife lingular in 
their appearance. 

In fome parts of the world a particular cloud 
•ccafionally appears, to which the german ma- 
riners give the name of hare^ on account of 
it's fwiftncfs, and which indicates the fudden 
approach of a heavy gale. A traveller informs 
Bs, that, being at fea, he heard one of the 
Grew call out, ^ here comes a hare," and im* 
mediately all hands were fet at work, to take 
in the fails, and prepare the Ihipfor a ftorm. 
As he neither found the wind blow, nor per^ 
ceived any thing, that feemed to forebode a 
gale; he was furprifed at the buftle, and in- 
quired into the reafon of it. On this, a little 
E 3 
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black cloud, low in the horizon, was pointed 
out to him, which feemed far off, and in 
which he could difcern no tokens of danger. 
But this fmall cloud enlarged vifibly, ap^ 
proached with aftonilhing fwiftnefs, and 
fcarcely were the fails furled, before the cloud 
and the ftorm arrived together. 

The clouds, that hang on the peaks of ma- 
ny mountains, forebode wind and ftorms^ aa 
-on Mount Pilate in Switzerland, which de- 
rives it*s name, MonsPileatuSj from it's head 
teing capped with clouds. 

At the rifing and fetting of the Sun, it is 
ufual for the clouds to appear of various co- 
lours, but a green cloud is a very rare occur- 
rence, though fuch may fometimes be feen. 
Frafer once faw a green cloud at funfet in the 
torrid zone, and recorded it, on account of 
it's fingularity. " Between the tropics,*' 
fays Forftcr, ** tlie morning and evening Sun 
frequently paints the Heavens with brighter 
hues, and the mixture of colours is more 
ftriking and confpicuous.** In the year 1 774, 
on the fecond of April, in the latitude of 9® 
30'fouth, J. R. Forfter obferved at funfet a 
very beautiful green cloud, at a little dif- 
ftance from it were clouds of an olive tint, 
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aid even thetfky itfelf had a 4ively tinge of 
fight green, Tha younger Forfter bbferves 
on this occafion> that he had remarked the 
lame, phenomenon at Caffdf, in Germany^ 
with all imaginable fplendour of colour. 

To thefe obfervatrons perhaps many of my 
readers can add fome of their own. Thus 
ia the middle, of February lafl,. after a clear 
frofty day, the Iky was uncommonly beauti- 
ful here at funfet and juft after. Light vio- 
kt clouds floated in ,the deep blue zenith; 
nearer the horizon were rofy red and flame- 
colonred clouds i and at the horizon in the 
fouth weff the filvery moon fhone from a iky 
gleaming with the moft beautiful tranfparent 
green. 

Inftances of fliining clouds too have been 
knowD, Thus abbe Rozier relates an ob- 
fervation of a cloud, that emitted light from 
being furcharged with eleftricity, at Beaufe- 
jour, near Beziers, on the i5ih of Auguft, 
1 78 1. The day had b*cen very fultry, and 
a thunderftorm was expefted. The iky 
overhead had been loaded all day. with denfe, 
white clouds, and the Sun fet behind a vaft 
body of fueh clouds towering one over ano- 
ther. At feven o'clock in the evening the 
E4 



io THE fLEASING PRECEPTOie. 

atmofphere grew ftill more loaded with Va* 
pour; the gieat clouds funk lower in itf and 
the air became very thick and heavy, fo as to 
render breathing lefs free. As night ap*. 
preached, the clouds heaped together more 
and more, arid advanced nearer to the chain 
of mountains, that divides Lower Lariguc* 
doc froip eaft to weft. At a quarter after 
feven a faint gleaming was obferved in the 
weft, from 'which it might be inferred, that 
k was thundering at a diftance in that quar- 
ter. The lightning foon increafed, and the 
thunder ^^egan to be audible. At"ei^ 
o'clock the wind blew from various quarters, 
driving the clouds in different direftions, 
though the wefterly wimj ftill maintained the 
fuperiority. The thunder grew more violent 
toward the mountains, and the whole fky ap- 
peared in a blaze. Night now came, and it 
was impoflible to obferve the motion of the 
clouds any longeY, as the vivid lightning fo 
dazzled the eye, that the darknefs appeared 
much greater probably than it was. The 
ftorm drove haftily from weft to eaft, and to- 
ward the mountains was tremendous. Five 
minutes after eight it wa^ cort\vV^ltV^ tvv^ht. 
''JuHat this moment;* adds l?.o7;\t\>^^ -^^ 
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was obferving the course and a<5tion of the 
lightning, I perceived, behind the brow of A 
hill, which bounds the profpeft from my 
houfc on one fide, a luminous point. It 
was not the light of a diftant torch, or o£ 
burning wood ;. for it*s colour was tod whitCr 
refcmbling that of phofphorus burning ia 
the open air, or the eleftric light ofanex** 
haufted glafs tube* This luminous point 
i^read more and more, and at length formedl 
a ftripe, appearing to the eye about three feet 
broad*. Over this ftripe prefently appeared* 
a fccond of equal breadth, but only half fo-^ 
fang, as it's extent was not above 30^.- J^he. 
fpace between thefe two ftripes, which was 
about the fame breadth with themvremainedr 
pcrfeftly dark. Thefe ftripes had a horizon- 
tal, diredlion, but their edges were not accu- 
rately defined, inequalities being clearly ob- 
fervable in them,, as in thofe large white 
clouds, which forebode a.thunderftorm. Ther 
tdge& too were not illumined, with, equai'^ 

•^ Thefe are Mr. Rozier*s words; but the\expreffionr. 

is much too vague fdr.a natural philofopher, ^H^ho^ould: 
, eHimate the magnitudes of appearances in the I^aV«htv 

Bj the degrees and minutes of the «tig\e A^rf .ixib^iCcA^ 
£tomthc.obfcrt9f$cyt. .. . 
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vividncfs, though the middle of the ftripes 
difplayed an equally difFufed light. While 
thefe ftripes moved on to the eaft, the light- 
ning followed flafli after flaOi. At three dif- 
ferent times a flafti of lightning iiTued fron^ 
the end of the lower ftripe; but it was very 
remarkable, that no thunder was heard after 
thefe flaflies; thQugh the claps from the more 
diftant clouds^^hich appeared over the ftripes, 
were very tremendous/ Every flafti, that 
iflued from the thundercloud itfelf, enabled 
me tofee thei/^ole country, fo that I was 
more capable of forming a juft idea of the 
two luminous ftripes. Thefe ftripes con- 
tinued .to bcL feen from five till ^ feventeen 
minutes after eight, when a fquall of wind 
from the tbuth altered the diredion of the 
clouds^ drove them nearer to the mountains, 
and carried the florm away from Beziers. 

*• It may be preflimed, that thefe ftripes were 
toHieAions of electric vapour, renderil^ /lu^ 
minous by being much condenfed. The 
ftrongeft proof of this is,, that the three 
flafties of lightning from one of them were 
double the diameter of thofe, which iflued 
from the thundercloud itfelf; though in efti- 
mating this diameter tJafti^ tM^i \iw^\^^^sk 
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fome degree of optical deception from the 
nearnefs of the objeft. The ftripes too were 
diftind from thecIoud»becaufe the mountains 
could be feen behind them^.and no thunder 
followed their lightning.** 

A fomewhat fimilar appearance was feeir 
between Gotha and Effort, on the loth. of- 
January, 1782. About: midnight, the Iky 
being clear, except a^tfew draggling clouds>. 
feveral fmall ftreaks of fire. afcended from the: 
ground at different times,, about half a mileL? 
from the obfervers^ whicK>were at firft takciis 
for Ikyrockets^ But asno found was heard>s 
as they were not feen,to burft, .andv as it Wai. 
perceived, that their courfe was from the, 
ground to the clouds palling over, in which; 
they difFufed themfelves^.even illumining thenu 
internally, they were concluded: to. be. th&j 
effeft of natural eleftricity. 



e6^ 
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abroad, that it was prefcntly loft in a thia 
mift. 

Mr. Lichtenberg, who gives the above acr 
count, fays, that he has fince obfervcd a fiinir 
lar appearance, though not fo-ftriking, in 
other thunderclouds. Sometimes, too, he 
has feen it reverred;^.and, inftead. of a finer 
vapour being emitt^d^ and forming..a covtr? 
ing to the cloud,rthe. thin white wrack, that 
has been floating over the thundercloud, has 
funk down, fpread over it. like. a. veil,, and 
united with it. 

That the vapour, in the. inftance above 
Xftlated, formed, a ring round the cloud, arofc 
from it's form. Being repelled by the cloud 
above and below, itcould only diftend itfelf 
laferally, . till it .gpt. beyond the limits of the 
cloud,. whekQs it. difFufed itfelf: upward and 
downward. If this appearance ba compared 
with the eledrical experiment,, in which a 
ball of cotton is.fufpended.iby a.filken thread 
tfi.a cylindrical veflel of metal of a proper (izc, 
and th^ veflT^l is alternately eledrified, and der 
prived of it*s ele/ftjicity, perhaps we may.^ 
Beafonably infer, that, it is not very difficult, 
tob^obtain infornution concerning; the electrl*, 

I ftate of the. higher regions of the. aii^ land. 
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f the clouds themfclves, by paying more? 
ttentioa to the phenomena that occur in. 
hem* 

. One.aftemoon^ toward the end of March, ^ 
hunderftorm arofe from the weft. When* 
he horizon in this quarter had again/ 
Icared up, and the ftorni was gone by, 1 went 
tito the fields, to enjoy the agreeable, profpedk,, 
i^hich both Earth and iky commonly exhibit 
fter a thunderftorm. Dark brown and leaden*- 
:0loured clouds ftill floated flowly and heavilyj 
)ver head toward the eaft in.grotefque figures*. 
In the clear weftern horizon the Sun, now 
lear it's fetting, (hone forth; and it's beams 
painted one fide of the clouds with a ftrong 
fellow light, which formed'a ftriking cbntraft 
mh th^ deep fhades of the reft; Among 
all thefe ra^ed clouds of Angular feape, 
which gradually pafled along, driven by a 
nioderate-wind, one particularly, attrafted my 
notice. It had a ftriking refecnblance to aiii 
immenie canopy, or expanded umbrella;, and. 
4ceffea was. heightened, by it's appearing,^ 
fom the point. wiienqe. 1. viewed it, to be 
fpread direftly over. the town^ The oblique, 
po&ion of the Sun gave the Ughte ^.vvd ftv^tj^ 
i Aioagi/, ih^t the figure co\x\^ >^. ^^^ 
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tingutftied to great advantage. The inferiour 
fiirface, which in moft clouds is convex, was a 
conical cavity, the edges of which were (harp 
and regular, l^he fupexiour furface was more 
irregular,, not unaptly refembling a plume of 
yellow feathers on the huge cap. This fine 
fJDeftade continued in all it's fplendour near 
i&vc minutes, when the wind difordered firft 
the upper part of the cloud, then the under; 
prefently after which it began to rain, and 
the appearance gradually^ vanifhed.. 



CI^P; XX.. 

SOMSTHTOG MORE ON THE SUBJECt O^ . 
TOADS., 

Ik the preceding volume it was feetiy, 
that the toad may juftly be ranked among, 
harmlefs anihiah;; yet it is not improhafctet* 
that it may occafionally prove injurious to* 
creatures that devour it, a§ feertis to have been* 
the cafe in the following, inftances. 
A healthy^ lively dog^ running about the. 
g^cn with his maftM *uv \5ftft t»K»s.\ ^ 
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1794, found a toad of the common fpecics^ 
with warts on the back, and red eyes. The 
dog fell upon the toad, tore it tp pieces^., 
fwallowed it> and almoft immediately his 
lower jaw was convulfed, opening and (hut- 
ting with a quick fpafmodic motion. At 
the fame time lie foamed at the mouth, an4 
this continued near a quarter of an hour* 
From this period the dog became dull, and' 
in the evening refufed his food. The next day 
he would neither eat nor drink; and, his ftatc 
thus becoming fufpicious, he was chained up.. 
On the third day it appeared, that this precau*-- 
tion was not unneceffary, for evident fymp- 
toms of madnefs came on; and as thefe in« 
creafed on the fourth day, he was killed. 

In the dogdays of the following year, the 
fame gentleman met with a finYilar inftance. 

x]5^dy^5|K after a fliower, the dog 

of a friend in company with him found a 
toad, and tore it to pieces, but did not fwal- 
low it. The lower jaw of the dog became 
immediately convulfed; white, frothy fpittle 

.^flowerffropi his mouth; and this had fcarcely 
ceafed .before he vomited up a confiderable ^ 
quantity ofwhitc^ frothy flime, and ^.^^"^xt.^ 
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perfeftly dull and fliy. ' Some medicines were 
adminlftered to this dog, and he did not be* 
come mad : which,, however, may have been 
prevented by his vomiting: fo* foon after, and 
his not having fwallowed. the toad* 

Poffibly the toad may be noxious only at 
certain feafons, or on being irritated by exr 
treme pain; and under thefa circumftanccs 
it*s juices, at leaft if fXvallowed^ may be c^m 
pable of producingthat horrible difocder^, hy>- 
drophobia.. 



CHAP. xxr. 

AH EXPERIMENT WITH A GI/<A^ft OF 

WATER*. 

William had heard of turning a glafsof^ 
water upfide dawn, without fpilling any of 
it, and requefted his father to. (how him ho* 
it was to be done. 

Accordingly Mr. Goodwin took a glafs of 
water, put a piece of paper over it, and thea 
iiiyerted the glafs, preffing the paper clofeta 
the mouth of the glafs with his hand; and^ 
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holding it fo, till the water remained ftill ia 
it*s new pofition. He then took his hand 
cautioufly away; the paper remained fixed 
to the glafs, and the water in it. 

** Ah, the paper -^ '* Williani began s 

but he prefently reflefted, that the paper wasi 
not a fixed covering, and that it was as fingu-- 
lar for the paper to adhere to the glafs, as fon 
the water to remain in it* 

Father. " Well, William, how is it I The 
whole weight of the water preflTes on the pa* 
per, and yet neither of them faUs to the^ 
ground.*' 

William. " I do not know.^ 

F. ** There is nothing above, that holdnt 
the water; for the cohefion, of the water, and 
it's adhefion to the glafs, are not fufficient„ 
to keep fuch a weight fufpended : fomething 
beneath, therefore, muXt prefs againfl the pa- 
per; and this can be aothing but the air, for 
you fee there is nothing elfe under it. Thus 
it muft be the prejiire of the air^ that keeps 
the water fufpended in the glafs." 

" The preiTure of the air T'— fdd William^ 
icfleding on it, for it did not appear to him 
dear, how any thing could prefs from below 
upward. 
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F. " I muft inftraft you a little more in 
the properties of the air, otherwife you wilt- ] 
not be able to underftand the phenomenon, 

" The air is a thin fubftance,. that fur- 
founds the'whole Earth. Wie cannot fee it 
indeed, but it*s efFedls are vifible. The leaves 
and branches of trees are moved, without any 
thing being. feen to touch them: fo the vanes 
of a windmill are driven round, and a fhip vn\\t. 
^read fails is impelled along. The wind^. 
ihat efFeds all this, is nothing but the invifi* 
ble fubftanoe^ whicli we 'term air,-fet:in mo^^ 
tion. If you move a fan, a piece of paper, <it 
the like, backward and forward, you feel, that 
fomething refifts it: you feel the impulfe of 
this invifible fubftance a^ihft your face,, 
againft your hand: you hear a whiftling or 
rufiling noife, when you move a ftick or a. 
twig quickly up and dowji in. it. I need not 
mention more of thefe known expeiimeintSjK 
- which will convince you of the exiftence of 
a fubftance, that the eye cannot difcern^. 
even if aflifed by.the beft magnifying glaffes.. 
This-^fubftahce^ which furrounds us on all ^ 
fides, is diftinguiflied from other aefiform 
Aibflances by the name o{ almofphefical ^ir.. 
The UrA of it's qua\itiesvVjV\Ocv\.^^t^o<v«. 
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hfiuidity. You know, I believe, in What 
liiis coriCfts, or how fluids difFer from folids.** 
W. ^* In folids all the particle5 cohere fo 
ftrongly togstlier, that the "body has a deter- 
fiiinate figure; a^d this figure '<:annot be 
changed, or parts feparated from it, without 
force. In fluids the cohefion of their par- 

5 tides is fo flight, that thefe particles ealily 
move abott among reach other, and take the 
form' of any veflel, into Which they arc 
put." 

F. *^'This quality £he air pofTefles in com- 
mon with other fluids with water for ex- 
ample. It*s particles may be feparated with 
^fe, for it ris done at every motion we makes 
yet the refiflance of the air is very perceip- 
^tiblq, when a body is moved in kt fwiftly, or 
iiasa.great furface perpcudicular to the line of 
^notion* Many of my readers, no doubt, 
have heard of a flriking indance of this, in 
ihc delcent of Mr. Arnold from a great height 
In the air t^ means of a parachute. This 
>was a machiae in the Ikape of the head of an 
umbrella, but very large. From it a car was 
fofpendedy in which Mr« Arnold iat. Being^ 
I &fteped under the car of an aVc-baWoon^ \t 

/ mi-cdried up with it to a confidctabk Yid^t 
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On this he took a glafs tube, about 
^hefize of a large quill, thirty inches long, 
and clofe at one end. Holding the clofed 
-end downward, he filled the tube with -quick- 
filver, put his finger over the open end, in- 
verted the tube, held it over a cup with the 
^open end downward, and withdrew his finger. 
"Some of the quickfilver how lan out, and 
left an emptjT ^ace or vacuurh, at the upper 
end : but tins was not more than two inches 
in length, the other twenty eight inches re- 
maininjg full of quickfilver. 
^^ Do you know thepurpofe of this t:spt^ 
' oriment ?" jfaid he toTws fon. 

W^. ^* We wanted to know tlie preffure df 
the air ; and by this we fee, it isiiifficient t^ 
fupport a column of quickfilver 28 incbc* 
aiigh/* 

F. " As quicTcfilver is fourteen: timc^ 
as heavy as water, how high a column of wa- 
ter would the air fupport ?" 

TF. " The column of water would be four- 
teen times as high, thatis, 14 times i8 inches^ 
which make 392 inches, or 32 feet eight 
inches.** 
jF. '* Now you may mva:g^m^> that^ as I 
^old you before, you cou\d txQt tacgs«tc^ 
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:olumn of air, that prefles upon your hand^ 
f the furroundingair were removed/* 

JF. ** Yes : but there arc two things, that 
ire not very dlear to me." 

F. " What are they ?" * 

JT* " Why is it, that, in the experiment 
with the glafs, the water would not remain 
in it, when the paper was taken away ? The 
preffure of the air was not removed/* 

F. " The reafon is, the idwer furface of 
the water does not remain perfcftly at reft in 
a horizontal pofi t ion, fo that the preffure is not 
every where equal and uniform, and in confe • 
quence the air, being the lighter fluid, afcends, 
while the water defcends. In a ilender tube 
like thi;s,when inverted, the cohefion between 
the particles of water at fo fmall an aperture 
would be fufficient, to preferve a fmooth fur- 
fece, without any paper, fothai the air be- 
neath would prefs uniformly againfl it, and 
fupportit." 

IV. " I have ftill another difficulty. We' 
are here in a room, which has a ceiling over 
head* The air over this ceiling cannot prefs 
upon any thing in the room : the prcflure of 
the air out of doorSy therefore^ ou^V, lo\i^ 
ro£. JI» F % * ^ 
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much greater thaa within ; yet I find no dif« I 
fcrence.** 

F. " Tou nraft <:oirfider, the air is fluid 
dnd elaftic. The air without doors is prefled 
upon by the air above it: but as fluids prefs 
equally every way, the preflfure on the air 
without is communicated to the air within, 
through the <^oor, windows, and chimney, fo 
tiiat both are equally comprefl'ed, and con* 
iequentiy the preflfure they exert upon objeds 
is^qual. 

** Let us now calculate with how many 
pounds weight the air preflTes upon this table, 
for inftance. How muft we fet about it ?" 

W. " Wc muft firft meafure the fur&ce- 
of the table, and then calculate the weight 
of a column of water of the fame dimenfions 
and thirty two feet eight inches high/' \ 

William meafured the table, aad found it 
to be three feet long, and two feet broad* 
The furface therefore was fix fquare feet 
Multiplying the height of the column by this 
gave a produdt of 196 cubic feet; and this 
multiplied by 62 pounds and half, the weight 
of a cubic foot of water, gave 12150 pounds. 

jF. ^^ Hence you may infer the greatnefs 
cf4he force^ wkb vAdA ovu \>o^» u^ wfc- 



THE PLEASTNG FRSCEPTOR. ^4' 

fmually prefled on all fides. Had they not' 
fqually elaftic air within therxu which coun- - 
jterbalances ^he enormous weight, we muft: 
certainly be crulhed to death. On the con-^ 
trary, were the preiTure of the circuraambi* 
eat air removed, the air within us would^ 
buril our bodies by it*s expanfion.^ 



CHAP. XXIIL 

OF THE BAROMETER, 

. WiLLXiLM had frequently fecn his fathejr 
looking at a barometer, and raifing or lowcN 
ing an index at the uppof end, but he did 
not underftand the u(e Qf the inftrument, . 
or what was in fad to be obferved in it^ The 
fxpeiiment with the gjiafe tube in the laft 
chapter now led him to conjedure, that ic 
muft x«late to the preflTure of Ibe air, and this 
he meotioned to bis father. 

*^ You hav^guefled right/' faidMrw Good* 
iwn : ^* here, examine the inftrument a lit* 
tie more clofeJj. You perceive, k U tvo\>DLVCi^ 
mare ibzn a ghfs tube, clofe ,at to^^Na^^tifc 
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round and open below, and nearly full of 
quickfilver. This quickfilver is fupported in 
• the tube by the preflure of the air, which ads 
only on the furface of the quickfilver in the 
Ihort open leg, as the fpace above the quick- 
filver in the clofed end of the tube is a per- 
fc6t vacuum : for, when the barometer was 
made, it was completely filled with quick- 
filver, which funk down by it's own weight, 
when the tube was inverted, as you faw yef- 
terday ; fo that no air could have gotten into 
this fpace, unlefs it hac} been, admitted pur- 
pofely. In a good baitjmeter, (baking the 
tube will produce an audible found from the 
quickfilver at the top ; but this will not ocV 
cur, if there be air over it. 

" The purpofe of this irtftrument you will 
underfland yourfelf : it ferves to meafure the;t 
preffure of the air. For inftance : the quick- 
filver now. ftands at the height of 28 inches 
in the tube ; what does'Aiis prove ?** 

W. "That'the preffure of the air on the 
furface is equal to the preffure of a column 
of quickfilver 28 inches high.*' 

F. ** But, when the quickfilver rifes in the 
tuber' 

5 
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c*; and, on the contrary, when.it falls, the 
preffure muft be lefs. This is clear : but 
why is the lower end round like a ball ?" 

F. " The rtafon is this. A mere ftraiglit 
tube, open at the end toward the ground, , 
would not anfwer the purpofe : for, not to 
mention the eafe with which fome of the 
quickfilver would be thrown out whenever it 
was moved, fome muft be loft when the quick- 
filver dcfcended from the diminution of the 
preffure, and the remainder would not be 
fufficient to balance the increafed preffure of 
the air. The lowerend,- therefore, muft either 
be placed in a veffd to hold the quickfilver,. 
pr beat round, which, you muft be aware, . 
is the moft commodious. 

" Still there is fomething more to be con- 
Jdered. When tlie quickfilver falls in the 
longer leg, it rifes in the (horter: and the 
contrary. Now, if the (horter leg be wide 
compared with the longer, it will rife in it 
but a little way, while it falls confiderablyin .^ 
the other. The height of the column of quick- 
filver, fupported by the air, muft be reckoned 
from a horizontal line drawn level with the 
furfape of the quickfilver in the ft\OTte\\5.%v 
hr 4II the qukkGlver below tYvv^ V\n^ m ^i^ 

^ 3 
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longer leg is counterpoifed according to the 
laws of hydroftatics by the quickfilvcr in the 
(horter. Now, if the height of the quick* 
filver in the (horter leg be very little altered, 
which is the cafe whea it is of confiderable 
width> as I obferved before, no great errour 
arifes from the meafuring the height of the 
column fupported by the prefiure of the air 
in all cafes from a fixed point. This is the 
reafon why the common barometer has a baU^ 
at the lower end. 

^ Still it woqld be more accurate, to kai 
the barometer tube of equal fize througl 
out, and obferve the rife and fall in botl 
1^. In this cafe, if the quickfilver fell 
line in the longer leg, it mud rife one lii 
the (horter, and confequcntly the column of 
quickfilver (upported by the air would be two 
lines fliorter than before.'* 

IV. *^ Why, then, do people call this ix> 
-ftniment a weather glafs r" 

F. ^^ It has fome claim to the name, becaufe 

fine and fettled weather generally follows the 

.rifing of the quickfilver; and when it falhi 

variable, flormy, or wet weather commonly 

eofues. The reafon of this, however, I can- 
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not well explain to you ; indeed we do not 
know the caufes of it with, any certainty. 

" What the barometer properly (hows is 
an increafe of the elallicity of the air when it 
rifes, a»dadimiautioaof1:he elafticity of the 
air when it falls- Now^ aqueous vapour, while 
k exifts.in aa^ uodecompofed (late, is very 
claftic, and perfedly tranfparent : whence it 
iDcreafes the eladicity of the air, and leaves 
. it clear. The rife of the baroiiK:ter^ therefore, 
may be coniidered as an indication, that pro^ 
bably the elafticity of the air is increaf<;d hy 
Igneous vapour in a date of perfed folution, 
and that the weather will be oa tliis account 
le. On the other hand, if the quickfilver 
it may be prefumed, that the vapour, 

[ before perfedly mixed with the air, is decom* 
pofed, by whi^h the elafticity of the air ii^ 

^ diminiflied; and that rain, or changeable 
weather, may in confequence be expeded.^ 
We muft not flatter ourfelves, however, as 
I faid before, that^this is a perfed expIai:iatioi> 

k of the phenomena." 
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CHAP, XXIV. 

THE THERMOMETER. 

JV. " What is the ufc of this little glafs 
tube by the fide of the greater ?'* 

jP. " The little tube is a thermometer^ 
tJbat is, an inftrument for meafpring the 
warmth of the air, or any Jthing elfe that fur- 
rounds it. 

" It h a well known faft, which you your- 
felf have often experienced, that heat enlarges 
bodies, and cold diminiihes them. An iron 
hall, which will juft pafs through^ hole when 
cold, will not go into it wheh heated. Ah 
ifon rod is perceptibly longer when hot, than 
it is when cold. This effeft of heat is the 
principle, on which the thermometer is con- 
ftruftcd. The ball, and part of the tube, 
are filled with quickfilver, or with pure fpirit 
of wine tinged red : if either of thefe fluids 
be expofed to heat, it expands, an^ confe- 
quently rifes higher in the tube ; when it is 
cocied^ it finks. Spirit of wine^ however, is 
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much inferiour to quickfilvcr for the purpofe, 
and now feldom ufed- 

" By the fide of the tube is a^fcale, and on 
itis marked the height, ta which the fluid rifes 
at different degrees of heat. Two principal 
points in it are firft afcertaincd : that at which 
water freezes^ and that at which water boils.. 
The interval between thcfe two points is di- 
vided intaa certain number of equal parts,. 
p or degrees.. Natural philofophers, however, 
We dif&red in their divifions^ whence wm 
have thermometers with different fcales.. 
I ^ The principal arc Fahrenheit's^ which 
' i&ufed laEnglaifid; Reaiunur/s^as it i^ called^ 
' heretofore ufed in France; Celsius's, or th« 
( Swedifh.; anddel'Ifle's, or the Ruffian. Thedif* 
taace between>the point at which water freezes,, 
indthat at which it boils, is^ divided into 1 8o> 
degrees in Fahrenheit's fcale,. 8o; in Reaur 
mur's^ LOO. in Cclfius*s,.and 1 50 in dc rifle's.. 
Reaumur and CelfiuB began: their fcalefronu 
the. freezing point, expreffing this by o :: 
i Fahrenheit began, his ^z"" below the freezing; 
point, making that of boiling water zhz^u and' 
de rifle begaa his at the boiling, point,, from4 
which he reckoned the deg;cees dov^u^^xj^^ 
& is tQ be Oibierved,. that the tSc^exmoxosXffL: 
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invented bj Reaumur was made with fpirk 
cf wine, and it's fcale does not agree exadUf, 
though it does nominally, with that which 
now goes by his name, though in faft invented 
by Mr. de Luc, The thermometer com- 
pionly called Reaumur's, therefore, ought 
in ftrict propriety to be called de Luc*^. This 
. and Fahrenheit's were the moft common, but 
noyf that with the decimal division, or Cel* 
fius^s, is generally used in France. 
^ " Every thermometer muft have it's fcale 
adjufted to itfelf, for the quickfilver will rife 
or fall through a greater or lefs fpace^ with 
the fame degree of heat, according to the 
fize of the ball, and the diameter of the tube." 
JV. ". Is not the ball unneccffary ? for the 
quickfilver, or fpirit, would erpand with heatt 
and contract with cold, if there were only a . 
4ube partly filled with it." 

F. " We might do without the ball, It i» 
true; but it would be very inconvenient: 
for, if we would mark flight changes in tem- 
perature, we 'mull have the tttte very long 
in thiscafcr Thus, fear example, fuppofe 4 
change in temperature, that fhould expand . 
the guickfilver a thoufandth part of it's folid 
contents : H the column ot q^ukYSlVjw m*^^ 
ca inc ^hes^ or loo Uacs, \otvs> ^^ ^^^ ^^ 
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a quarter of a line iquare, the folid contents. 
of the column of quickfilver would be 25 
cubic lines, and the expanfion would be tS^^,. 
or ivj of a cubic line. But, the tube being, 
i of a line fquare, the quickfilver would rife 
only T^ of a line, which would be a length 
not eafily obferved. 

" Now," if to a tube of this fize we add a 
ball containing half a cubic inch^ or 500 cu< 
bic lines, we fhall have a much larger body 
of quickiihrer, with the fame length of tuber 
for, thefe 500 cubic lines of quickfilver being 
added bo the 25 in the tube, we ftiall have 
in the whole 525 cubic lines,^ the expanfioa 
ftf which^ with an equal degree of heat,, will 
be -A^ of a cubic Hue; and confequently the 
^ quickfilver muft rife two lines and n m the 
tube^ to fill this fpace/' 

WilKam did not imaiediately underftand 
how this was found t his fatlier,. therefore, ex- 
plained it to him. 

F. " As the folid contents of the quick* 
filvcr are 525 cubic lines^ an increafe of a 
thoufandth part muft be tW^j of a cubic 
line. If the tranfverfe fedion of the columa 
were exaAly a fquare line, the add\Uoiv ci£ 
riii of a line to it's height wouid g^N^ -i^^« 
F 6 
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of a cubic line : hut, as it's tranfverfe feftion 
is only | of a line, it requires of courfe four 
times as much additional height. If, therefore, 
we multiply tVw by 4, we (hall h^ve Hi^ 

*• This is a length, which may be ob- 
fci^ved with eafe : and if we have the ther- 
|Honrietcr with a ball of tolerable fize pro- 
portioned to it's tube, wc may conveniently 
obferve with it all degrees of hcat> not ex- 
ceeding that of boiling water, thoqgb the 
tube do not exceed a foot in kngth. To 
meafure higher degrees of heat, that at which 
quickfilvcr borls> for example, which is 60a 
of Fahrenheit, we muft have longer tubes 
it is true : but fi'om what has been faid it is 
cle^r, that a tube without a balh capable of 
fiiowing tolerably fmall" changes of tempera^ 
ture, muft be of fuch a lengthy as to be ex- 
tremely iftconvenicnt,"; 
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CHAP. XXV. ' 

'l 

MAGICAL FOUNTAINS, MAGICAL CUPS, 
&C. 

As William went into his father*^5 ftudjr 
the next day, he faw the table covered WitK 
various inftruments, with which he was un» 
acquainted. 

** I believe," faid his father, " I can (how 
you fonse very amuftng experiments, efFefted 
by means of the prefFure of the air.** 
William was all attention. 
F. " This (fig. 4.; is called a tafter, and 
b ufed for taking wine or any other liquor 
cot of a cafl:. Being put into the bunghol^, 
the liquor flows into hy tHl it is on a level 
with the reft : the hole at the top is thea 
ftopped by putting the thumb over it, and 
the tafter being lifted up, the preffure of 
the air agatnft the fmall aperture at bot-^ 
torn prevents the liquor fipom running out. 
You may then fulTer it to run into a glafs at 
pleafure, by removing your tVvutrib, ^^ ^'^ ^5:^ 
^oiv the air to prefs upon the wp^w ^>axSa» 
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as well as the lower ; and may ftop the iffue 
of the liquor when you think proper, by re- 
placing your thumb on the upper orifice. 

" This (fig. 5) is called a magical foun- 
tain^ or fountain at command. It is thus 
, conftrufted. The pillar (a), on which the 
upper veflel (B) refts, is hollow, and reaches 
above the furfisu:e of ihe water in the refervoir 
(B), which is covered clofe. Near the bot- 
tom, which is in the bafin (C)» there is a 
hole on one fide; and as long as the external 
aircan have accefs to this hole, it rifes through 
the pillar into the refervoir (B), the water in 
which confequently flows out throi^h the 
two fmall pipes (D, E) into the bafia below. 
The bafin is thus gradually filled, till the wa- 
ter gets above the opening m the bottom of 
the pillar, and (huts out the air; on which 
the water ceafes to flow. In tlie bottom of 
the bafin (C) however there is ahcde, fefs 
than thofc in the upper refervoir (D, E), fo 
that it could not difcharge the water from the 
bafin fo faft as it ran into it, but through 
which the bafin now empties itfelf rntq the 
lower refervoir (F). When the water thus 
gets below the opening at the bottom of the 
pi//ar, the fLii hs& agaLin acc^ to ^5c^^ wv^x 
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wfenrotr, find the two fountkins begin to flow 
afrefli. •Thus they go. on altemttely flowmg 
and ftoppings and, if you attend to the hole 
in the pillar^ypu will know when it will flow,, 
when not,and confequently may appear to order 
it to ftop, or to flow. If the hole at the 
bottom of the pillar, in (lead of opening into 
the bafin, were conneded with the outfideof 
it by means of a tube, as in fome of the con* 
trivanccs to be mentfcxied prcfently, the ori- 
fice of wbkh could be (lopped at pleafure^ 
you might really caufe the fountains to flow 
or ceafe at w ill. 

" This (fig. 6) is a m^ical caik. Turn 
the cock : you find nothing runs out. Now 
fhut the cock, take out the bung, and wi.th 
this funnel pour water into the bunghole/' 

William did ib. 

F. *• Takci this gkfe, hold it under the 
cock, and turn the cock once more.'* 

To William's great aftonifliment, he found 
his glafs now filled with wine. 

F. *• Can you account for thisi" 

W. « No.'* 

F. " I will explain it ,to y«i. The caft 
is divided within by a part\l\oti, ^VvOc^ Sa^ 
cJofeat the bottom and fides> b\X ^rsxvc^ % 

I 
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communication between the two parts *netr 
the top. The cock opens into one part ; the 
bung into the other. I had previouily put 
wine into that part, where tlie cock is ; but 
the aperture of the cock being fmall, and the 
bung being fo tight, as tO' exclude the ex- 
ternal air, it would not run out, when the 
cock was turned. The water, being poured 
into the other part» remained feparate from 
the wine ; but it comprefled the bat over the 
wine, fo as to caufe the wine to run out] 
when you turned the cock again. 

" This compreffed jet d'eau (fig. ^7.) k 
commonly called a Heron's bait in Germany. 
The glafs baU being about half filled with 
water^ you blow air in through the tube, 
which reaches^ tbnoft to the bottom. The 
air, thus compreffed over the water,: ftuves 
to expand itfelf as fooo as the force is re- 
moved, and thus drives the water out of the 
tube^ the aperture of which being very 
fmall, it rifes ia a jet. As the air withia 
dilates, the water is driven out with lefs and 
lefs force, till the denfity of the air within is 
reduced to an ei^ality with the denfity of 
the external air. "By blowing air in again in 
the j&me manner^ you may toskt. \!tk^ fevsjcw 
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tain play afrefh, till the water is too low in 
the ball. To fill the ball, you mufl proceed 
in an oppofite manner; fucking the air out, 
and preventing the admiffion of frefti air by 
turning the cock in the neck, till the end is 
plunged into a vcflel of water, when, the 
cock being turned again, the prefTure of the 
external air on the furface of the water will 
force it into the tube. If the ball and 
tube were made of copper, and ilrong, and 
a good fyringe fitted to it fo as to be air- 
tight, the air in it might be condenfed to a 
great degree, by forcing it in with the 
fyringe, or by forcing in the water upon the 
air with this inftrument.'' 

A fimilar fo^^ntain to this William con* 
trived to make himfelf, by fixing a (lender 
ftem of a tobaccp-pipe in a, ftrong phial, fo 
as to be air-tight, with fealing wax. 

F. " In the circulating or Heron's foun- 
tain (fig. 8.) the water is (Jriven out in the 
fame way as in the magical cafk. Two of 
the pillars, that fupport the upper refervoir, 
are hollow. One (D) reaches from the bot- 
tom of the bafin (A) into the . lower refer- 
voir (C)i the other (E), from the lower re- 
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fcrvoir (C) to the upper (B), in wh 
opens near the top, fo that it*s apcrt 
above the fur&ce of the water in the 
refervoir. In the centre of this upp 
fervoir is a tube (F), reaching almoft i 
bottom, and opening with a very fmall 
at top, through which the jet rifes. A 
as the bafin (A) is empty, there is r 
pearance of .any jet ; but the baiin 
filled with water, it def^^ends throug 
hollow pillar (D) into the lower refervoi 
drives the air out of this refervoir th] 
the other hollow pillar (£) into the i 
where it prefles on the furface of the \ 
and forces it out through the tube (F 
jet. The water of the jet, j^ling bad 
the bafin, defcends from it into the 
refervQit; and confequently the fou 
continues playing, till the upper refi 
is emptied/* 
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CHAP. XXVJ. 

SIPHONS, AND tantalus's CUT^ 

F. ** This cutved tube (fig- 9.) is a 
fiphon. Fill it with water, and then put the 
Ihorter leg into this tumbler/* 

William had no fooner done it, but the . 
water began to run out of the longer 1^; 
and^ to his a(loni(hment» continued, till 
the tumbler was nearly emptied of the 
water previoufly contained in it. 

:F. * " What, do you fuppofe, is the 
rcafon of thisi" 

W. " It appears as if the water in the 
Outer leg of the fiphon, as it ran out, drew 
that in the other leg, and in the glafs, after 
it/' 

F. " You have juft the fame idea of it, 
as many others before you have had,, fomc 
of whom might have been prefumed capable 
of judging better. The cohefion of water is 
far too weak, to prsduce fuch an effed; 
which would be, as atf mtelUgpivt raaxv wwcfc 
fittily obferved, the fame tW\u^ » tpaJglxxs^j^ 
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a rope of water. Tlicre muft be fome other 
caufc, therefore : and this is nothing but the 
preflurc of the air, and the unequal refiftanc^ 
of the two columns of water, which, ir^is to 
be obferved, muft be unequal, from the in- 
equality in the length of the two legs. The ' 
preflure of the air againft the water in each 
leg is to be confidered as the fame ; fince the 
apft-tures of both are equal, and the little 
depth to which the (horter is immerftd in 
w^ter does not make any perceptible dif- 
ference. But the height of the columns of 
water in the two legs not being the fame, 
they do not refift the prefiurc of the ait 
equally, and confequently arc not in eqxii- 
librio. 

^* Suppofe the length of the longer leg 

to be 60 lines, that of the (horter 55. If 

one leg only were filled with water^ the air 

would prefs equally on each end of the 

column, and the water would run out by it's 

own weight, as from a tube open at both 

ends; but, when both legs are full, » the air 

is prevented from prefling upon the top oi 

. either column, by thj weight of the water in 

• the other. Hence, as the preflure of the 

air upon the top of tVic ft^oiv^i c^\\ita\i\ 



THE PtEASING PRECEPTOR. 117 

refifted by a column of 60 lines of water, 
while that upon the top of the longer co- 
lumn is refitted by a column of water of 55 
lines Only ; the water in the longer leg mud 
be prefled downward with a force equal to 
that of a column of water of 5 lines, in ad-- 
dition to that which counterbalances the 
preflure upward. Confequently the water 
will begin to flow out of the longer leg; 
and, as it flows, the water muft be impelled 
up the (horter leg by the preflure of the ex- 
ternal air, which then will have nothing to 
overcome but the weight of the water in that 
leg. Thus the water will continue to flow 
out of the longer^ leg, and up the ftiorter ; 
till, the furface of the water in the veflel 
being reduced below the opening of the 
fcortcr leg, the air enters into it, and empties; 
the fiphon/^ 

On the fable fl:ood a pewter goblet with a 
cover (fig. 10). William had been defired 
to fill it nearly with water, before his atten- 
tion was called to the fiphon, and he 
had done fo. On uncovering the veflel, the 
water fl:ill remained in it, and his father de- 
fired him to fill it now to the brim. This 
was icarceiy done, when he perceived the 
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quantity diminlfli; and it continued de- 
creafing, till the goblet was empty; the 
water having entirely vaniflied, -without there 
being the leaft appearance of it on the table^ 
or .any where elfe. The goblet being filled 
again, remained full. Mr. Goodwin then 
poured out the water : a third time it was 
filled i and it emptied itfelf as before. 

F. " A fimilar exhiWtion by profeffed 
jugglers has often excited no fmall degree of 
furpriie and wonder in a numerous company; 
but you, I prefume, can guefs at the prin- 
ciple on which it is founded. You will 
readily fuppofe, that there is a iiphon con- 
cealed in the goblet. The fides of it, in 
fa^ are double ; and there is a fiphon bc^/ 
tween them, the (hortcrl^ of which op^J 
at the bottom of the part into which the 
water is poured, the longer into the fooU 
which is hdilow, and equal in capacity to the 
cup part. In the uj^r part of the ftcm are 
holes, that the air may haw free ifliie from 
the bottom. As the fiphon reaches nearly 
to the top of the veffql, and is at firft empty, 
the water, when poured in, rifes as high in 
it^ as in the vcffel ktfclf , bul i« hi^r. As 
long, therefoity as the futfacc oi iV^^wx^'^ 
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elow the top of the fiphon, it remains in 
)e veffel : but as foon as the veflel is filled 
igher than the top of the fiphon, water 
afles over into the Jonger leg, the fiplion 
egins to aft, and thus the water is gradu* 
ly emptied into the hollow foot. The foot 
eing filled, the fiphon cannot ad, when 
le veflel is filled again*, but the foot being 
nptied through the holes in the upper part, 
ben the water is poured out, the fiphon is 
jain capible of afting as before. This cup 
as been made with a figure of a man in the 
mtre, and a fiphon concealed in the figure 
f fuch a height, that, juft before the water 
»ches the mouth of the man, the fiphon 
fts, and empties the vefleL Hence it has 
tered the name of Tantalus's cup.'* 
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CHAP. XXVfl. 

THE OBSEQVIOVS 9IYE11. 

Anoxo the reft of the ar^Ves «v '*i»» 
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filled with water, containing the figure of J 
man in enamel floating in it, and the moutb 
covered with a piece of bladder tied on.it 
His father, placing his fingers over the 
mouth of the glafs, commanded the figure 
to defcend, to rife again, quickly or flowly, 
and was pundually obeyed j the little figure 
turning round fometimes as fwiftly too, as 
if he had been impelled by the vortices of 
the inventor of the experiment, des Cartes. 

" That is very pretty !'* exclaimed Wil- 
liam. 

F. " Are you not ready with our old 
queftion too : — ^what is the reafon of this?** 

W. " It mud be done by your fingersy 
which you hold over the glafs 5 for there 9 
nothing elfe to aft upon the figure : buti! 
cannot tell how, and fliould be glad to 
know.*' 

F. " I will inform you. The figiire is 

, hollow, of nearly the fame fpecific gravitj 

with water, and has a fmall hole in one foot. 

" When I prefs down the bladder .with mj 

finger, the air, being comj)refled, forces 1 

little water into the figure. This renders i 

heavier than the watw, ^iXid confequently i 

£nks. The preffutc Vj(?!^v^ \,^^tL ^^^ \s^ \S 
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moving my finger, the air, which had been 
compreffed within the figure by the entrance 
of the "Water, by it's elafticity forces the 
water out again, and the figure afcends to 
the (urface. If I prefs lightly on the bladder, 
but little water is forced in, and the figure 
does not fink to the bottom. If I make th& 
prcffure gradually, it finks flowly : if fud- 
denly, it finks quickly. It is the fame 
with it's rifing. The circular motion it has 
is owing to the hole being on one fide: 
for, when the finger is fuddehly raifed, the 
nirater iflTuing out quickly is refilled by the 
water in the veflTel, which does not immedi- 
ately yield to the impulfe -, and thus it's re- 
aftion, being exerted on one foot, turns the 
figure round. The celebrated Wolf, indeed, 
explains this rotatory motion in a different 
manner : but he only fhows, that he did hot 
underftand it. Which I mention, as the 
inftance of Buffon, on occafion of the ani- 
malcula of infufion, to- remind you, that you 
ought to examine every thing for yourfelf, 
and not be led away by the authority of a 
great name." 

William now tried the experiment himlelf ; 
and was not a little pleared> to find how well 

VOL. II. G 
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he fucceeded. When he bad amufed him- 
felf with it as long as he thought proper, 
he placed the jar in the window^ which faced 
the Ibuth-weft. The next morning he in- 
vited one of his play-fellows, to fee him per- 
form the experiment, by which he had been 
fo much entertained : when, to his great dif- 
appointment, he found his inanimate diver 
lying ^t the bottom of the glafs, from which 
he would no longer rife at his command. 
He preffed upon the bladder with his finger, 
and removed the preffure repeatedly, to no 
purpofe. He (hook the jar carefully, fo as 
not to break the brittle puppet: but in vaio. 
That water had gotten into the figure,, and 
rendered it too heavy, William readily con- 
jeftured ; yet be could not account for it. 
The jar had flood unmoved: both it and the 
fi;gure were uninjured : the bladder was tied 
on as tight as ever; and, indeed, no one had 
been in the room. He went to bis father^ 
to know what was to be done. 

" There is no difficulty in remedying it," 
faid his father, " w^ have only to fuck the 
water out of the figure : but how did it get in?** 

W» *^ That I came to aik you : 1 have not 
touched the glals fiace^t&ftx^n-'' . 
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F. " But you let it ftand expofed to the 
Sun, and that was the caufe. The heat of 
the Sun expanded the air within the figure^ 
and conlequently forced forae of it out, 
which immediately rofe to the furface of the 
water. As foon as night came on, and it 
grew cool, the air within the figure was no 
longer rarefied^ but returned to it's former 
ditneniions; and of courfe water rulhed in, 
to (ill the fpace,. which had been occupied, 
by the air, that was expelled. Accordingly 
the figure was rendered heavier than water, . 
ifunktothe bottom, and will not rife, till 
the water is extracted/ ' 



CHAP. XXVIII. 

it 

SOME ENTERTAINIKG EXPERIMENTS. 

Wow to place a glafs of xcater on the table^^ 
fa that a perfoii cannot take it up without 
t fpilling it. 

\ Put a piece of paper over the mouth of 
the glafs 5 turn it upfide down, as in chapter 

G 2 
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XXI; and then place it in this poiitioa on 
the table. When you have done this, hold- 
ing the glafs carefully with one hand, draw 
away the paper -cautioufly from under it with 
the other, and no one can take the glafs up, 
without fpilling the water, unkfs he have 
the art to reverfe the procefs.' This may 
be done, if you take another piece of dry, 
fmooth paper, tolerably ftiff, but not thick, 
and Hide it carefully ijnderneath the glafsj 
you may then lift the glafs off the tabfe 
again. 

On the former occafion, in chap. XXI,' 
the general principle only was afiigned, the 
preffure of the air from below upward : for 
fuch of our reader^, however, as reieft k . 
little deeper on things, we will go a little j 
farther into the fubjeft. 

" It is true,*^ fuch a one may fay, ^* the ' 
air preffes from beneath upward : but the 
fpace above the water, in the inverted glafs, 
is Aot a vacuum, as in the toxricellian tube*i 

• The barometer is (o called from it*8 inventor 

Torricelli. A vacuum > produced in the manner tn 

vhich that over the quickfilver in the barometer i 

made, h foi the fame leafoti called a torrUeliitaj 

^4taum. ^ \ 
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TTf- when the glafs is inverted, ♦ t||C air, 
^hich was. prevloufly between the water and 
be paper, is between the furface of the 
fatcr and the glafs. Now has not this air 
lie fame degree of elafticity as the external 
ir? — Doe$ it not conlequently exert an 
qual preflbre on' the water ? — And muffc not 
lepreffure from above and that from below 
ahince each other, therefore, fo that the 
ater will fall by it's own weight, as in the . 
3enair?" 

To this firing^ of queftions we reply: 
The moment the glafs is inverted, the 
r above the water pofleffes the fame den- 
y and elafticity as the external air; and, 
I this account, a fmali quantity of water 
wrays makes it's appearance between the 
iper and the brim of the glafs, as foon as 
ic hand, that held the paper againft the 
afs, is removed. But with this finking 
)wn of the water the fpace above it is en- 
rged; confequently, the air over it, being 
)liged by it's nature to expand^ itfelf 
rough a fomewhat larger fpace, has it's 
nfity arid elafticity proportionally diminifli- 
; for no fre/h air can enter in, as \X. \^ ^itr 
ded by the /ijterpofition of the p^p^t. ^ 
«3 
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" Miak the paper is not fixed to the brim 
of theglafs fo as to be air-tight.'* 

" If it be not fixed to it, the fpace be* 
tween the glafs and the paper is clofed by 
the water that defcended ; and th'is fpace is 
fo fmall, that the air is not able to overcome ! 
the attraftlon T3f cohefion between the pa^ 
tides of water included in rt/* 

" How long, then, does the water con- 
tinue to defcend ?" 

** Till the air between the waterand ttej 
glafs IS fo far dilated, that it*s dimini(hed| 
elafticity, added to the weight of the water,] 
•k exadly counterpoifed by the prefiuxt ^ 
the external air. i 

^* If you hold the inverted glafs a littW 
obliquely, you will find, that the water aoH 
•cumulated round the brim by the attraaionl 
of cohefion will defcend toward the lower parti 
and that part of the brim which is hi^cft 
being no longer defended by the external wai- 
ter, the air will prefs in, and afcend iri a fmal 
bubble to the top. As every fuch bubble ia- 
creafes the quantity of air within the glafsi 
a proportionate quantity of water will hi 
found to iflue out of \t ^ the lower p^rt o 
the brim i and this WiW gp ow, tvW \5a&^ 
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-IS emptied, unlefs you reftore it to the per- 
pendicular pofition again, ft^is the fatrie 
thing, if you employ a trencher inftead of A 
piece of paper; and with this you will fee the 
water accumulated round the brim more per- 
fpicuoufly/' 

There is a different mode of fetting a glafs 
upon a plate or faucer, fo that a perfori caa- 
not remove • the glafs without fpilUng thfe 
liquor in it^ 

Pour a certain quantity of water into a 
faucer, or foup-plate. Invert a glafs over a 
piece of burning paper, or, Which is better, 
over burning brandy, or fpirit of wine; and, 
■ after holding rt in this manner a ftiort time, 
iet it in the faucer: the water will afcctid 
into the glafs, and leave the faucer nearly 
dry. 

Toxinderftand this, it muft be obferved, 
the air is at firft greatly dilated in the glafs 
by the heat of the flame. When the glaft is 
fet ever the water, this air is cooled, it's elaC- 
ticity diminifties, and the external air preffes 
the water into the glafs. Care muft be taken, 
however, that the glafs is not made too hot, 
otherwife it will crack, on bdn^ V>ij\^^tJiL>j 
cooled by the water. 

04 



i%9 THE PLEASING PRECEPTOR. 

Thui^in the operation of cupping, a num- 
^r of incifioiis being made through the ikin, 
a hollow glafs veffel, called from it's ufe a 
cupping-glafs, is placed over them, the air in 
it being previoufly rarefied in the manner 
above-mentioned; and as this air condenfes 
by cooling, the preflure of the external air 
forcdi the blood through the inciiions into 
the ^lafs. 



CHAP. XXIX. 

AKOTBER CVRIOVS EXPERIMENT. 

To ra\f€ up a heavy metal morlar^ or ths 
likey with a wine glafs. 

Having inverted the mortar, fpread on 
tl)e bottom, or at lead where the brim of the 
glafs is to be placed, a little pafle of flour 
and water. Then pour fome fpirit of wiric 
into a fmall cup, fet it on fire, and hold the 
glafs over it, fo that the flame (hall afcend 
into the glafs, and heat and dilate the aif 
within it. When you fuppofe the air to be 
../uiffcientJy dilated, pVacc v\\^ ^^^^ vivV^t^^-o? 
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delay on the pafte, and prefs it tight againft 
the bottom of the mortar, Co that no air can 
prefs in from without. Left it remain thus, 
till the air within the glafs is cooled; and 
then, if you lift up the glafs, it will raife the 
mortar with it. 

You may ufe a piece of wet leather inftead 
of the pafte: but the pafte is better, becaufe 
the brims of common glafles are not always "^ 
fufficiently even, to prefs clofe to the leather 
in every part, and a heated glafs will be apt 
to crack, when it comes into contad: witk 
wet leather. 

William, who was much delighted with 
the experiments defcribed in this and the 
preceding chapters,. »becauCe he faw the prin- 
ciples of them, was defirous of knowing the 
power, with which the mortar adhered to the 
glafs. 

Father. *' There are tj^o ways of finding 
this : by calculation, and. by experiment. 
The following inftrudlions will be fufBcient, 
to enable you, to make the calculation. 

" The preffure of the external air,, you 
know, is equal to the weight of a column of 
water thirty-two feet high, the bafe ol viVvxOsv 
's of the fdmcdimenfioxxs as the rnoutJa oJlxN^S?* 
as - ■'• 
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mouth of the giafs, or of a cokimn of air the 
height of the atmofphere, which is the fame 
thing, would be fomething more than fifty- 
ifive poxindsj and with this force would the 
glafs be preffed againft the mortar- 

Deduding from this the weight of the 
inortar, lof lbs., which the glafs would have 
to raife, the force would ^ill be upwards of 
forty-four pounds: though lefs than this 
would be found on trial to feparate themj 
for the air remaining in the glafs would pof- 
fefs a certain degree of elaflicity, which muft 
be greater or lefs, according to the quantity 
expelled by the heat applied. 



CHAP, XXX- 

THl ILLUMINATED FOUNTAIN, AND 
FOUNTAIN OF FIKE. 

William was highly delighted one even- 
ing, when his father fent for him into hi- 
fludy, at feeing on the table a double foun- 
taija, fpouting up two; ft.ica^ ^ ««%• 
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It's apjpcarance was that of fig. 11. It 
confifted of a glafs globe, with a hollow ftem, 
from which iffued two arms, that bent up- 
ward at the end, and terminated with very 
fmail apertures. The tube was flopped with 
a cork, and fet in a tin ftand, which likewife 
had two arms, with a fmall cap at the end of 
each. The globe was half full of fpirit oi 
wine ; and fpirit of wine was put into the cups> 
and kindled. The air withia the globe, be* 
iiig heated by the flame, was in confequence 
dilated, and prefled with greater force upon the 
fpirit, caufing it to fpout out of the aperture 
in each arm. Thcfe apertures being diredly • 
over the cups, the -fpirit was fet on fire by 
the flame, thys forihing two jets of liquid 
fire, which had a very pleafing appearance, 
in a room where there was no other light. 

The illuminated fountain (fig. 12), which 
his father then (howed him, was another 
worked by means of heated air. It confifted 
of two tin veflfels, one over the other. The 
uppermoft was fupported by four pillars; one 
of which, being hollow, formed a communi- 
cation between the two. The pillars were 
I about two feet high; the vtffds^ ^\'x.mc^^% 
each, and nine inches in diameUt. ^tw^^'Ocv. 
tie upper veOhl were* four lamps >da^^^^ 
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one fattened to each pillar. From the cen- 
tre of the lower veflel rofe a tube with a nar- 
rowed opening, and furniihed with a ftop- 
cock. After the lamps had burned a little 
while, the cock was turned, and a flender 
ftream of water fpoutcd up, almoft as high as 
the upper veffel. 

The lower veffel had been previoufly filled 
with water, and then flopped clofe, fo as to 
have no communication with the external 
air. The tipper veffel was air-tight. Con- 
fequently, when the air in the upper veffel 
was rarefied by the heat, it preffed upon the 
water in the lower veffel by means of it's 
communication with it through thehollo^;^ 
pillar^ and forced it up out of the tube, as 
foon as the cock was turned. Then the heat 
continuing to rarefy the air, the fountain 
continued playing, till the lamps were^x* 
tinguifhcd, when it quickly flopped. 
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CHAP. xxxr. 



MICROSCOPICAL AMtTSEMENTS. 



William to Henry. 



»£AR HEKRT, 



It is long fince I wrote to you, btit, to 
taake you amends, I hope I (hall now fend 
you fomething amufing. Yefterday our fa- 
ther entertained us with an exhibition of 
various things in the microfcope. Caroline 
had complained, that he had . Ihown me fo 
many curious things, which (he could not fee, 
becaufe (he was bu(ied in the affairs of the 
houfe. Thefe, he told her, were objefts of 
moft importance to a girl^ but, that (he might 
not be altogether without her (hare, he would 
exhibit to us both fome things, fmall indeed 
la themfelves, but capable of exciting ideas of . 
^mple extent. Accordingly, it being a fine 
fenlbi/jj day, he fixed his folat tmcto^ca^ vcv 
^be\j[indow (hxH^^r, and placed moX\\fc^ v\v- 
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crofcope on the table, for fuch things as could 
not be feen fo well through the former. 

I requefted him firft to explain to us, how 
thefe inftruments were made, and why they 
made things appear fo large : but he told me, 
that I muft wait for fome other opportunity, 
and fatisfy myfelf for the prefent with feeing 
the exhibition ; which indeed afforded me a 
great deal of entertainment. 

Of fome of the articles I made drawings, as 
they appeared, to fend to you. 

Thefirft object we faw under the micro- 
fcope wa^ a piece of 6n,e filk crape, about the 
fize of a lentil (fig. 13). Fine as it appeared 
to the naked eye, it was as coarfe under the 
glafs as the figure I have drawn. Caroline 
flared when (he faw the rough black cords, 
and their ragged appearance on the torn 
edges of the crape. 

The next was a piece dLjhotfilky <he warp 
of which was red, the weft blue, fig. 14. This 
appeared' very regular, and pretty. The 
threads lay tolerably even and parallel; the 
fine fibres, of which each thread was com- 
pofed^ were very clearly to be feen; and be- 
twcen the tJircads were regular fc^uare open- 
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ings, though the filk looked very clofe to 
the eye. 

Caroline then cut off a bit of a black fattin 
riband, which. looked very dingy, and it's tex- 
ture obfcure. 

" You fee,*' faid ouf father, " how coarfe 
thefe, fine and delicate performances of art 
appear. Now look at an objedt, which is the 
work of nature, and you will be aftoniflied, 
to fee how nicely (he finiflies the minuted 
parts, which are fcarcely vifible to the eye 
affifted by glaffes.'* On this he took the 
foot df a dead fly, or rather the lower end qf 
the leg, and placed it under the microfcopcu 
Ho\y wereVe aftoniftied at feeing it ! (fig. 1 .6), 
There were four joints, and what might pro- 
perly be called the foot. Each joint was 
thicker below, than where it was fattened to 
the other above: each was furniflied with 
hairs or briftles; and at the lower end, where 
it projefted over the next joint, were ftrong 
prickles, pointing downward. The foot it- 
felf, or the lower end of it, had two ball$, 
covered with extremely flender fliort hairs, 
lik^ a fine down, but thicker on the under 
part than the upper; and at the t\de oS. !t^.Osv 
fvdsfa /harp, crooked claw. TVvc &.ue Ao^^cv, 
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fcen in a certain pofition toward the light, ^• 
peared of a beautiful fky-blue colour: but 
this, our father faid, might be owing merely 
to the refraftion of the rays of light. We 
looked at this foot when magnified by the 
folar microfcope alfo, and then it appeared as 
big as the foot of an eagle. 

" See," faid our father, " how mucli mom 
abundant matter for refled:ion is afforded by 
the fmalleft objeds of nature, than by tte 
mod elaborate performances of man> Con* 
iider the llendernefs of thefe hairs, that cdvar 
the foot, which are fcarcely vifiblc when (b 
•greatly magnified. Confider the finencfs df 
the veffels, which there muft be in this limb, 
to fupply it with nourifhment, as we have 
Arteries in our legs. Confider how curiouily 
it is framed for it*s office. Here are fevetal 
joints, connected one to the other, and move- 
able as our leg at the knee, nay capable of 
more extenfive motion. By means of thefe, 
the fly fprings up with great vcjocity, when it 
jwould take wing. See how providently the 
foot isfurnilhed with claws, to render it eafy 
for the infeft to hold itfelf fecurely, when it 
walks up the perpendicular wall, or even 
along the ceiling. The finenefs of the points. 
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in which they terminate, renders it pradica- 
ble for the fly, to faften itfelf even to the glafs 
of the window, which is perpendicular, or the 
looking-glafs hanging againfl: the walls for 
though their furface appears to us perfeftly 
fmooth, it affords hold for th'efe llcnder 
hooks." 

Little bits of CaroIine*s fine flaxen hair 
appeared under the microfcope as big as the 
barrels of large quills, fig. 17, and bollotv 
within. Seen by means of the folar micro- 
fcope they were like large poles, and their 
tubular flxudure was more confpicuous. 

Caroline thought of looking at her needte 
through the microfcope. She wondered how 
fine the point muft be, with which flie could 
few fo quickly and fo neatly: and was not a 
little furprifed, to fee how huge it appeared 
in comparifon with the claws and briftles of 
the fly's foot. It looked like a thick iron 
bolt, rough from the fmith's hand (fig. 18); ' 
and the point was blunt and rounded, fo that 
it feemed impoffible for it to pierce the fkin. 

But the moft beautiful of all was a little 
bit of one of the wingcafes of a cock-chafer. 
Looking at it firft with the n^LVied e,>}^> ^^ 
faw nothing but a bit of a tVuu Vv^X.-^>^^'^'^ 
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fubftance/in which we could not fuppofe 
therfe was any thing Angular. But we were 
agreeably deceived, when we looked into the 
microfcopCr The piece then, as much of it 
as we could fee, was of a golden colour, fpot- 
ted like the fkin of a leopard, with a brown 
and yellow border, as at fig. 19. Brown, an- 
nular fpots were fcattered over the yellow 
furface^ and on the edge, that was not torn, 
were three, brown ftripcs. When the light of 
the Sun was fuffercd to fall upon it' through 
the glafe, the brilliancy was beyond defcrip- 
tion. fine, but fo dazzling, that, to fee it 
clearly, it was neceffary to moderate the light. 
The folar microfcope exhibit5d it in a very 
fplcndid manner, and from that my drawing 
was made, which, however, is far Ihort of the 
beauty of the original. 

Your afFeftionate brother, 

William Goodwin. 
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CHAP., XXXII. 

THE FIRE OF BAKU. 

^ The city of Baku, of Badku, on the borders 
of the Cafpian fea, and about three miles from 
the fouthern arm of the Caucafean mountains, 
is (bated in a delightful country, part of which 
has ever been diftinguiflied by the name of 
the Paradife of Rofes. It has long been fa- 
mous for it*s fprings of naphtha^ a fpecies of 
bituaien, or foffil oil, which, when pure, is 
white, very light, veiy fluid, and highly in- 
;fl^mmable. 

About two miles eaft from one of the 
pureft naphtha fprings is a very lingular fpot, 
called AtoJIiyahy or the Place of Fire. On 
approaching this place a ftrong fmell of ful- 
phur is perceived. The place itfelf is near 
three quarters of a mile over^ and in the 
middle of it, when the weather is dry, may be 
perceived a ftrong bluilh yellow flame, which 
appears larger by night than by day. At a 
little diftance irom this flame, lYv^ gu.e\>Tes> 
f oT£^eberSf an aiiatic people, y*\\o t^oxQ^vj ^\^'> 
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and other poor perfons, have built little (lone 
habitations. The ground within the fingle 
room, which ^hefe huts Contain, is covered 
with a floor of clay a foot thick, rammed 
down hard, that the flame may not burft 
through. In one place, however, a hole is 
left in the clay floor, to furnifli fire when 
neceflary; and when the hoft has occafion 
to boil his coffee, or drefs his food, he holds 
a lighted candle, or a bit of burning paper 
ever the hole, and a flame is immediately 
produced, which he knows bow to employ 
for hi3 purpofe better than he would a tire 
made with coals or wood. The fmaller the 
opening is, with the more force rifes the 
flame. From an opening of two inches dia* 
meter it reached at firft a height of three 
feet ten inches, but. afterward fell to two 
feet five* When the fire isno longer wanted, 
the hofl. blows it out with a fan, or the flap 
of his garment, and then covers the hole. ' 
Thefe people procure light in the fame 
manner. Into a flender hole made through 
the clay floor they fl:ick a reed> of fuch height 
a$ they think proper, previoufly coated both 
on the infide. and outfide with day, and kin- 
dlc th0 vapour as \t \ffu^^^ ouX. aXXX^^Vsi^. 
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The weavers have feveral fuch round their 
looms^ which aftbrd them an ample fupply 
of light, without requiring to be trimmed or 
renewed. 

This fire is not wanted to yield warmth in 
winter, for in that climate it is fufficiently 
hot for the people to leave their doors open: 
all the year round. 

Befide this confuming fire, there is another 
kind at Baku, which does not burn. Whei^, 
after a warm autumnal rain, the evening air 
is warm likewife, the fields round Baku ap- 
pear in flames. It frequently feems as if huge 
volunacs of fire rolled down the mountains 
with incredible velocity. In Osflober and 
November, on clear moonlight nights, all the 
mountains weft of Baku often appear enve- 
loped in a blue flame. In warm and dark - 
nights, innumerable flames, fome times fepa- 
rate, fometimes united together, cover the 
plaias; and then the mountains are free from 
them. Thefe frequently fill the fpace where 
a caravan has encamped, to the great terrour 
of the horfes and mules. 

This fire burns nothing. The dry grafs 
and reeds remain unfinged, though the whola 
country appears in flames. It doc^ uol ««^ 
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yield the leaft heat. This fire» as it is called, 
muft be merely a luminous appearance there- 
fore, and totally diftind: from the former. 

It is to be obferved, that light and heat, 
though they are fo commonly found together, 
and appear on different occafions capable of 
muti^ally producing each other, fo that the 
ideas of both become almoft infeparably af- 
fociatied in our minds with that of fire, arc 
probably to be confidered as perfedtly diftinft 
from each other j and we are told, that the 
celebrated Dr. Herfckel has lately difcovered 
a method of feparating them. 

*A remarkable circumftance, refpedting the 
fire, or more properly the light, of which we 
have been fpeaking,%is, that it will remain for 
fome minutes attached to the outfi,de of a 
giafe exhaufted of air, like a phofphorefcent 
appearance. Exhaufted glafs tubes appear 
ftrongly luminous, and as if filled with fire, 
for fome minutes after the flame in the open 
air is extinguiflied : whence we may infer, 
that eledricity has a (hare in this fingular 
phenomenon. 
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CH^V. XXXIII. 

AN EXTRAJOKDIKARY EATFTl. 

-r- Many of our readers, no doubt, have 
hmi/of a ftone-eater, as he was called ^ a 
matt: j«fBo gained a livelilvJod by going about 
as a (how, fwallowing pebbles, and champing 
to pieces and fwallowing bits. . of ftone. We 
do not know the fate of this man; thoi/gh it 
does not appear, that he lived long under this 
I^aftice. The human ftomach can accora- 
inodate itfelf occafionally to improper fub- 
ftanccs in a wonderful manner, fo that every 
accidental fwallowing of an indigeftible fub- 
ftance is not neceffarily fatal: bi4 this can 
never be praftifed long with impunity; and 
inftances of fuch violent fufFering from afingle 
imprudence of the kind have been known, 
that we cannot be too cautious, in never al- 
lowing ourfelves even to hold in the mouj 
pin, a pebble, or even a plum-ftone, m^ 
lefs to fwallow them. A flill more extra- 
ordinary inftance than that of the ftone-eater|-. 
however, is the following; the fubjed of 
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which fufFered much from his imprudencCi 
and at length fell a viftim to it. 

Andrew Bade, a gaUey-flave at Breft, came 
into the naval hofpital on the^th of Septem- 
ber, 1774. He complained of a cough, q)- , 
predion at the ftomach, and pains in th^ 
bowels, for which Dr. de' Courcelles, the hof- 
pital phyfician, prefcribed fomc medicines, ' 
that feemed to mitigate his complaints. 
He was ftill in the hofpital in the beginning j 
of Odober, when he fell under the care of ' 
another phyfician. Dr. Fournier. He was 
tlhen tormented with pains in his ftomach, 
^^'^'and frequent vomiting, which rendered him 
very low; but the phyfician obtained no ifl- 
formation from turn, that could lead to a 
knowledge of the cap&fe of his diforder; and 
accordingly prefcribed fuch medicines, as he 
judged to be moft fuitablc to his complaints. 
On the loth of Oftober he died, 

. Dr. Fournier conjedured, that he muft 
have hid fome peculiar affeftion of the 
internal parts, and the next day opened 
tlie body. The ftomach appeared to be 
thruft out of it's ufual fituataon, and various 
hard fubftances were felt in it, though what ^ 
they were could not be afcertained by the kdU:4 
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Through an accidental opening made in it, 
however, Dr. Fournicr faw a piece of wood, 
of a black colour, protrude; and in confe- 
quence he deferred any farther e^^iiination 
of this Angular cafe, till the arrival or a com- 
pany of phyficians, furgeons, pupils, and of- 
ficers, whom he invited to be prefent. At 
three o*clock they were all aflembled, to the 
number of fiftyrand in the prefence of thefe 
cyewitneffes, an account of the whole was 
drawn up. The ftomach, as well as the 
oefophagus and bowels, was internally of a 
blackifh colour, and the following is an in- 
ventory of the articles it contained. 

1. A piece of an iron hoop, nineteen inches 
'k)Dg, and an inch broad. 

2. A piece of broom, fix inches long, and 
half an inch thick. 

3. Another piece, of the fame thicknefs, 
eight inches long. 

- 4. Another fuch piece, fix inches long. 

5. Another, four inches long. 

6. Another piece, four inches long, fplit 
.nearly in the middle. 

>; 7. A piece of oak, four inches and half 
;,Jong, an inch and half broady .^vA \^ ^^xw 
Qch thick. vt, . 

HZ 
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8. Another piece, four inches long, an inch 
broad, and two thirds of ah inch thick. 

9. Another piece, four inches long, half 
an inch wide, and a third of an inch thick. 

10. Another piece of the feme dimenfions. 

11. Another piece, two inches long, an 
inch broad, and half an inch thick. 

12. Another piece, four inches and half 
long, a third of an inch broad, and a third 
of an inch thick. 

13. Another piece, four inches long, and 
of a triangular figure. 

14. Another piece, four inches long, and 
a third of an inch in diamfeter. 

15. Another piece, five inches long, half 
an inch braad, and two lines thick, fplit 
lengthwife. 

16. Another piece, five inches long, a 
third of an inch bro^^, and two lines thick. 

17. Another piede,. of an irregular figure, 
three inches long,' and a quarter of ai> inch 
thick^ 

1 8. Another piece, three inches long, half 
an inch broad, and a quarter of an inch 
thick. 

I p. A piece of a hoop, fi^e inches long, 
ai2 inch i)road, and two V\nt^ l\v\0^- 
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■ 20. A piece of fir, four inches long, an 
inch broad, and near half an inch thick. 

21. Another piece, four inches long, and 
a third of an inch in diameter. 

22. Another piece, in the ftiape of a wedge» 
two inches and half long, one inch broad, 
and a third of an inch thick at the bafe. 

23. Another piece, of an irregular figure, 
three inches long, and halfan inch thick. 

24. Another piece, two inches and half 
long, and a third of an inch thick. 

25. A piece of bark from a hoop, three 
incLes and half long, and an inch broad, be*, 
longing to a larger piece, which ftill ftuck 
in the oefophagus, and from which this had 
been broken off, and fallen into the ftomach. 

26. A wooden bung, an inch long, and 
the fame in diameter. 

27. A wooden fpoon, gnawed at the lower 
end, five inches long, and an inch and half 
broad. 

28. The nofle of a tin funnel, three inches 
and half long, an inch in diameter at th# 

B larger end, and halfan inch at the fmallen, >^ 
I ^ zg. Another piece of a tm iwwtv^V "^ 
W iacbes and b^f long^ and ha\f au \tvcVw \3kv^- 

f . H 3 
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30. The handle of a pewter fpoqn, four 
inches and half long. 

31. A pewter fpoon entire, feven inches 
long, the bowl bent round, 

32. A fmaller fpoon of the fame metal, 
three inches long. 

33. Another, two inches and half long. 

34. A piece of iron, two inches, and half 
long, half an inch broad, and a third of aa 
inch thick. 

35. A pipe-cafe, with the edges blunted/ 
and a piece of the ftem, all together three 
inches long. 

36. A nail, the point broken off, two inches 
long, including the head. -^ 

37. Another nail, veryiharp, an inch and 
half long. 

38. A piece of a pewter fpoon, fqueezcd 
flat, an inch long, and half an inch' broad. 

. 39. Two pieces- of a pewter\buckle, of 
irregular figures, each about Itajf an inch 
long. 
* 40. Five plumb^ilones. 
4 1 ." A little piece of born. . 
42. Two pieces of fiint glafs, the largeft 
* an inch and one third long, half an inch broad, 
and of an irreguhr fhape. 
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45. Two pieces of leather, the largeft three > 
inches long, an inch broad, and of an irregu- 
lar figure ; the other an inch and a third long,, 
and half an ipch broad. 

44. A knife, with it's blade bent, the haft 
of wood, three inches and half long, and an 
indi broad in the wideftrpiart. 

Thus the whole of this Angular ftore con- 
filled of fifty two aErticles, weighing above 
two pounds. 

One of his countrymen^ who had been 
fent to the galleys with him, faid, that he 
had often feen himfcratch down mortar and 
plafter from the wall, and throw it into his 
foup, faying, that it was a cordial to him, 
and comforted his heart. Sometimes he had 
a raging appetite, which announced itfelf by 
an abundant flow of fpittle,and could then eat 
as much as four people. When this was the 
cafe, and he could not fatisfy his hunger, be^ 
caufe he had fpent his money in tobacco, of 
which he was very fond, he ufed to fwallow 
little ftones, buttons, pieces of IcatheV siAjl 
other fuch things. His comrades at the oar 
had feen him fwallow two pieceV^ of WQQd^ 
£)ur or Ave inches long, two ^2l^%\>^^o^^\^s^ 
went to the ho/pital : but it v^«J& i^t^Sfs^^ 

tt 4. 
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whea he had fwallowcd the great piece of an 
: iron hoop nineteen inches in length. He 

long complained of pains in his infide ; but 
^ had never mentioned any thing relative to his 

flngulat diet, except once faying, that he had 
'^ a thoufand deviUJQv things within him, which 

would be his death; At times, however, he 

appeared to be difordered in his mind. 



CHAP. XXXIV. 

f^d'l^TAKEOUS COMBUSTIONS. * 

: - It has long been known to chymifts, that 

. there are fubftances, which, though perfe&Iy^ 
cold, when mixed produced heat, and even 
aftual fire. Thus in the curious experiment 
-called Lemery's volcano, a l^ilge quantity of 
iron-filings and flowers of fulphur, being mix- 
ed with fo much water as will make it into a 
pafl^, and then buried in a hole in the ground, 
will grow bbt^. and after a time caufe tlie 

earth over it to fwell up, U\\3lX\«&.\\. cx^sJil^^ 

^nd Haines iflue out. 
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l^^r^ Of late years, -fcowever, fome ferious acci- 
. jdents have called the attention of men of fci- 
ence to the fubjeft, and it has been found, 
that many other fubftanccs, when mixed to- 
gether, or packed up clofe, or expoTed to a 
certain degree of warmth, grow very hot. Ricks 
of green hay, and dunghills, fometimes grow 
fo hot, as to, take fire fpontaneouflyf and 
greafy 'cloth laid in heaps, together^, various 
articles that have been roafted, and other 
things, are liable to the fame danger Many 
fires may have been occafioned in this way, that 
were afterward attributed to malicious defign, 
becaufe the manner in which they were pro- 
duced could not be difcovered. It is not 
fufficient, to take care of fire and candle, . 
though this is highly neceflary ; for. there arc 
many other things, of which we ought to be 
as careful, though neither fire nor light • is 
apparent in them. The following are ex- 
amples. 

At a fail-cloth manufadlory feveral pieces 
of coarfe hempen canvas, painted on one ffde 
with brown paint mixed with oil, were laid 
in the fun to dry. It was a very hot day in 
July^ fo that it dried very quickly, and was 
conGderably heated ;- when, \i\ Oo.^ ^.^\^XTtfiK>w^ 
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there being an appearance erf a heavy {lorm,Ji 
was haftijy taken in, the painted. fides .being' 
laid one upon the othcr^ and the wbo^e be- 
ingfolded up in bales, and tied tightly togetlier, 
to remove it more conveniently. Thefe bales 
were placed in the workQiop, which was 
(hut up at night. . . 

Two days after, one of the workmen fat 
down^ upon thefe bales, and found them hot, 
He thruft his hand in between the folds, but 
thic heat foon made him draw it out again. The 
bales were taken into the open air, and as 
foon as the men began to unpack tiiem, a 
thick fmoke iflued out. It was at firft fup- 
pofed, that they had been purpofely fet on 
fire: but no trace of fuch a. thing could be 
found, and, as foon as they were completely 
unfplded, all fufpicion vaniftied ; for it was 
ckarly feen, that the fire began in the centre 
of the bales, the outfi4e remaining unfouched, 
while the inner folds, particularly where 
prelTed together tightly by the cords, were 
burned to alhes. 

Some of the workmen then confefled, that 
a fimilar accident had happened a few years 
be£ore> which they had concealed^ for fear it 
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vrotild be afcribed to their negligence, and 
they be puniflied. 

Similar inftances have occurred more thaa 
once with woollen cloth, the wool for which i$^ 
well oiled before it is carded and fpun. Vari- 
ous pieces of ferge, being laid upoh one ano- 
ther, without basing deanfed from the oil, 
heated to fuch a degree, that the undermoft^ 
without emitting either flame orfuioke, werr 
converted into a black,' (hining, brittle fub* 
fiance, which fmelled like burnt horn, meltcct 
over the fire, and burned with a flame like 
refin. 

A mixture of linfeed oil and lasr^black » 
a very dangerous combuftible* 

In Auguft 1 780 a fire broke out m a ware* 
houfe at Peterfburg, by which a great quanr 
tity of hemp was confumed. On inquiry 
there appeared reafon to /uppofe, that it was* 
occafioned by a mixture of this kind. Tg^ 
obtain ftrong afluranc6 of the fad, five andl 
thirty pounds of hemp-feed oil vamifti were 
poured upon forty pounds of lampblack in s 
tub, under the infpedtion of the imperial aca^ 
demy. After {landing an hour,, the fuper-r ^ 
fluous oil was poured ofC Thft .t^&l\wsfiQ6k: 
VMS left in the tub four houts^ \JafiSi x^^^^ 
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in a hammock, and laid in a (hip's cabini; 
where a fufpicious fire had broken out, which 
wias faid to have been produced by fuch ma- 
tetials. The door was fealed up, a guard fet 
over it, and four naval officers were di reded 
to watch the appearances attentively all night. 
The experiment was begun on the 26th of 
April, 1 78 1, at eleven o'clock in the fore- 
noon. The next morning at fix fmokc ap- 
peared ifluing out of the hammock, and, as 
foon as the door was opened, it burft into 
flames. 

The admiralty direded another experiment 
to be tried. Three pounds of lampblack 
were llowly mixed with five pounds of hemp- 
feed oil varnifhf and after the mixture had 
ftood five hours in 4n open veffel, it was tied 
up in linen, and placed in a box. Sixteen 
hours after an ofienfive, flinking fmell was 
perceived, but not like that of boiling oil. 
Some parts had grown hot before this. The 
vapour^ that arofe, was not inflammable, but 
watery. Eighteen hours after the niixture 
had been packed up, more places grew hot, 
began to fmojke, and foon after appeared 
giowiDg with fire. Other places iliU were 
fyrceJy warm. The fire {ptcaAATv\5»TEicL- 
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ture but flowly, and emitted a thick,' dark, 
(linking, footy vapour. When the bundle 
was taken out of the' box, and laid on the 
ftone floor, fo that the air had free accefs to. 
it, flames burft out^ with thick fmoke. Soon 
after clefts appeared here and there, from 
which iflued vapours, that foon rofe into 
flame. On breaking the lumps a little, they 
burft into a violent flame, near a yard high, 
but it foon dfmini(hed, and went out. The 
fmoking, glowing, and flaming fire, however, 
continued for fix hours; and the mafs re- 
mained redhot foi^two hours after this. The 
gray, earthy alhes, that were left, weighed, 
when cofd, three ounces and half. 

A perfedly fimilar miicturc being made, 
the fire did not take place till one and forty 
hours after. 

A pack of hemp weighing thirty pounds 
was greafed with a mixture of fix pounds of 
hemp-feed oil and a pound of tallow, placed 
in an oven for an hour, rolled up in a mat 
prcvioufly warmed, and laid on fome faggots. 
In an hour's time the pack began to heat ; in 
three hours it emitted fmoke* Bein^ opened, 
it appeaired on fire in two places ^ b\ircv^^icsv\x 
Jboans with £am€i and then cotilVuM-^^ ^^^ 
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ing, till in thirty two hours it was reduced to 
aQies. 

Twenty pounds of wool were greafed with 
a mixture of two pounds of hemp- feed oil, 
and one pOund of tallow. The wool was 
placed in^ aft oven fo# anhour, and then tied 
up in a warm mat. The bundlet remained 
cold three days', the wool having abforbed 
all the greafe. Another pound of hemp- feed 
oil, therefore, was poured oii ft ; it was put 
into the oven again for an hour; and, being 
tied up in a coarfe cloth, was laid on fbme 
fagots. It now began *to fmoke, and in 
four hours time was on fire, The fire burned 
without flame, as long as the pack remained 
tied lap ; but as foon as it was opened, a low 
flame iflued from it. After it had continued 
burning forty hours, the fire went out. 

Old cloth garments drenched with hemp- 
feed oil, dried in an oven, and rolled up to* 
gather, remained without heating. But when, 
in addition to this, they were ^eafed with 
tallow, put into the oven afi^cfh, and again 
rolled up, they grew hot, in three hours time 
fmoked^ and in four and twenty liours the 
bundle, was found chatted wvd fmouldering. 
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At lengtli it took fire, aad was four days be- 
fore it had burned out. 

Cow's hair, befmeared with tallow, warmed 
in the oven, and put into a bag of matting, 
grew hot in an hour and a quarter. It began 
to ftink, to fmoke, and in an hour after burft 
into flames. * 

i A quantity of rye bran, weighing two. 
pounds, was roafted in an old copper pot, on 
a coal fire, ftirring it conftantiy, till it was as 
brown as pale coffee; when it was poured out 
bot-into a piece of linen, and tied up in it. 
In three hours heat and fmoke were perceived,, 
fome fpots burned black appeared, then glow- 
ing fire, and this continued fix hours. On 
repeated trials, the browner the bran was 
roafted, the fooner it caught fire. 

Rye flower, and wheaten flower, roafted 
like coffee, and tied up in linen, took fire 
in feven minutes after they were packed up: - 
pearl barley, in half an hour: and barley- 
meal, in fourteen hours. 

Rice, roafted very brown, and packed up, 
was merely charred, and the outfide fcaled 
off. 

Peafe, roafted, pounded, and p^icVa^ w*^^ 
burned Gercely in half an hour. 
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Coffee berries, roafted, and packed up, did 
not take fire. But when they were firft roaft- 
ed, then ground, afterward roafted again, 
and packed up hot in a linen cloth, the 
coffee took fire in three quarters of an hour. 

Beans, roafted, and packed up, did not 
take fire : but bean^meal, treated in the fame 
mannerj did. 

Various kinds of herbs, dried, powdered, 
roafted brown, and packed up, took fire in 
a longer or fhorter time. 

Coarfe fawduft, roafted and packed up, 
took fire in an hour. 

Hence it appears, how dangerous piany 
things of this kind may prove ; and how much 
precaution is neceffary on many occaiionSy 
where commonly nothing is apprehended. 
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GHAP. XXXV. 

SPONTANEOUS COMBUSTIONS OF THE 
HUMAN lODT. 

It has been fecn in the preceding chap- 
ter, that various fubftances, or combinations 
oi fubftances, under certain circumftances, 
are difpofed to generate heat, even to fuch 
a degree as to confume themfelves. But, 
what is more furprlfing, and would indeed 
be incredible, were it not confirmed in more 
inftances than one by teftimonies of fuch au- 
thenticity, that we cannot refufe our belief, 
our own bodies, while living, may become 
fo combuftible, as to burn away without the 
aid of extraneous fuel ; nay, it fhould feem, 
they may even be confumed by fire, fponta- 
neoufly generated within them. 

In the Tranfadlions of the Royal Society 
of Copenhagen we read, that, in 1692, a 
woman of the lower clafs, who for three years 
had ufed fpirituous liquors to fucK ^^c^fe^^ 
that /he took fcarcdy any other ucv\xT\Ocvtv\^^^'* 
[having iittcn down one evemag \tv ^. ^^^"^^ 
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chair to ileep, was confumed in the night- 
time, fo that next morning no part of her 
wa^ found but the fcull, and the extreme joints 
of the fingers, all the reft of her body being 
reduced to alhes. 

Bianchini, a celebrated phyfician of Vero- 
na, relates the following cafe very circum- 
ftantially. It is atteiled alfo by the niarquis 
Scipio MaSei, a learned contemporary o/ 
Bianchini, who was for from being credulous j 
and ,was confirmed to the Royal Society of 
London by Paul RoIli» . 

The countefs C6rnelia Bandi, of Ce{en% 
SLgc^d 62, enjoyed a good ftate of health. One 
evening, having experienced a fort of drow- 
linefs, (he retired to bed, and her maid rer- 
xnained with, her, till (he fell afleep. Next 
morniftgi when the girl entered her miftrefs'f ' 
chartiber to awaken her, (he found ndthii^' 
but the remains of her body in a horrid con- 
dition. At the diftance of four feet from the 
b^d lay a heap of a(hes, amid which were the 
arms, and the legs with the (lockings on 
them. Between the legs lay the heads but 
the brain, half the hinder part of the fcull^ 
and the whole of the d\\t^^ >N^t^v^ciTvtMtxved, 
Three fingers were found \>ui\i^^ ^^ ^ S^ 
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the reft of the body was reduced to alhes.^ 
which, when touched, left on the fingers a 
greafy, fetid moifture. A fmall lamp, which, 
ftood on the floor, was covered with afhes, 
and contained no oil ; the tallow of two can- 
dles was melted on a table, but the wicks 
ftill remained.. The bed was not damaged; 
and the bedclothes had been lifted up, and 
thrown on one fide, as when a perfon gets 
out of bed. The floor was covered with a 
thick, flippcry moifture, which adhered to it 
very tenacidufly. The furniture and tapeftry 
were covereid with a moift kind of foot of the. 
colour of aflies, which had penetrated into 
the drawers, and foiled the linem This foot, 
bad diffufed itfelf into a kitchen adjoining, 
adhered to the walls and utenfils, and covered 
■t piece of bread in the cupboard, which no 
'dog would touch. In the chamber over the 
apartment of the countefs, ayellowifli, greafy, 
offenfive fluid trickled down from the win- 
dows. The air in it likewife was loaded with 
that fine foot, and an unufual offenfive fmell: 
^d this noifome odour gradually fpread into 
the adjacent apartments. 
We do not knpw how far tbe couuX^^fe^^^ 
^ teen addjded to the interr>al'ufe oi {^uvvw^x^^ 
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liquors, but (he had been accuftomcd to have 
her body bathed all over with camphorated 
fpirit of wine. 

A third example, we (hall mention, occur- 
red in France ; and the following is the report 
of it, drawn up by Mr. Merille, a furgeon of 
Caen, at the requeft of the officers appointed 
to examine into the faft. 

" The body of Mrs. Thuars lay with the- 
crown of the head refting againft one of the 
andirons, at the diftance of eiglrteen inches 
from the fire : the remainder of the body was 
in an oblique po(ition before the fireplace, 
the whole being a heap of a(hes. Even the 
moft- folid bones had loft their firm con(ift • 
ence; fo that none were diftingui(hable, ex- 
cept the coronal, the^two parietal bones, two ^ 
of the lumbar vertebrae, part of the tibia, or- 
large bone of the leg, and a part of the fca- • 
pula or bladebone -, and thefe were (b cal- 
cined, tliat they crumbled tod uft on theleaft 
preffure. The feetj^however, remained ; but 
the right was fcorchedat the upper joint, and 
the left was more burnt. The day had been 
cold, but there was nothing in the grate, 
except two or three bits o^^ocA^ ^oxxv ^^ 
/ocA in diameter, burnt \rvt)^c u{\d^\^- "^^tvs 
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of the furniture in the apartment was damaged. 
The chair, on which Mrs. Thuars had been 
fitting, wa^ found at the diftance of a foot 
from her, and abfdutely untouched. I muft 
here obferve, that this lady was exceedingly 
corpulent, above fixty years of age, and much 
addicted to fpirituous liquors ; that on the 
day of her death (he had drunk three bottles 
of wine, and about a bottle of brandy j and 
that the confumption of the body had taken 
place in lefs than feven hours, though, ac- 
. cording to appearance, nothing around^ tjie 
tody was burnt but the clothes.''* 

Many other cafes are on record, more or 
lefs circumftantially related, and more or lefs. 
credibly authenticated, but we fhall conclude 
with two, that happened in this country, and 

1'^ appear to be fuffictently confirmed. 
3? tSrace Pitt, the wife of a fillimonger of 
■" Ipfwich, about fixty years of age, had con- 
tradled a habit, which Qie continued for feve- 
ral years, of coming down every night fix>m 
her bed-room, half dreffed, to fmoke a pipe. 
On the night of the 9th of April, 1744, ^^c 
got up from bed as ufual. Her daughter, 
who flep£ with her, did not perceive (he was 
abfent, till next morning, when flic awoke ; 
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footfiaftcr which (he put or her clothes, and 
went down to the kitchen, where (he found 
her mother, ftretched out on her rfght fide, 
with her head near the grate, the body, hav- 
ing the appearance of a log of wood, confum- 
ed by a fire without apparent flame, extended 
x>n the hearth, and her legs on the floor, which 
was of deal. On beholding this. fpe(5bacle, 
the girl ran in great haflie, and poured over 
her mother's body fome water, contained in two 
large veflels, in order to extinguifti the fire j 
while the fetid odour and fmoke, which ex^ 
haled from the body, almofl: fufFocatcd fomc 
X){ the neighbours, wl\o had haftened to the 
girl's aifiilance. The trunk was in fome mear 
fure incinerated, and refembled a heap of coali 
covered with white alhes. The head, th€ 
arms, the thighs, and the legs, had alfo 
ci'pated in the burning. This woman, \t\ 
faid, had drunk a large quantity of fpiritupui] 
liquors, ih confequence of being overjoyed, 
to hear that one of her daughters had returnedl 
from Gibraltar. There was no fire in the I 
grate, and the candle had burned entirely out] 
in the focket of the candleftick, which w* j 
clofe to her. Befides, tVvti^ ^ere found ncafj 
^/lecQflfumed body titi^c\ftttxs& ^i v^ 

5 
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and a paper fcreen, which had fuftained no 
injury by the fire. The drefs of this woman 
* confided of a cotton gown. 

Mary Clues, fifty years of age, was much 
addifted to intoxication. Her propenfity to 
this vice had increafed after the death of her 
huflband, which happened a year and half 
before. For about a year, fcarcely a day had 
pafled, in the courfe of which (he did not 
. ' drinfc at lead half a pint of rum, or anifeed 
r water. Her health gradually declined, and 
: about vthe beginning of February fhe was at- 
tacked by the jaundice, and confined to her 
bed. Though (he was incapable of much 
aftion, and not in a condition to work, (he 
I ftill continued her old habit of drinking 
every day, and fmoking a pipe of tobacco, 
w^ The bed, in which (he lay, ftood parallel to 
F the chimney of the apartment, and about 
r three feet diftant from it. On Saturday 
It^ morning, the ift of March, (he fell on the 
J floor; and her extreme weakneft preventing 
her from getting up, fhe remained in that 
' ftate, till fome perfc^p entered, and put her 
^ into bed. The following night (he wiflied 
* f o be left alone. A woman quitted her at 
h half after eleven, (liut the door, and locked 
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ity according to cuflom. She had put^on the 
fire two large pieces of coal, and placed a 
light in a candleftick on a chair at the head of^ 
her bed. At half after five in the morning 
a fmoke was feen ifiuing through the window, 
and the' door being fpeedily brokeii open, 
. ibme flames, which were in the room, were 
ibon exttnguiflied. Between the bed and 
the fireplace were found the remains of the 
unfortunate woman. One leg and a thig^ 
were dill entire ; but nothing was left of the 
Ikin, the mufcles, and the inteftines. The 
bones of the fcull, body, and amis, were 
wholly calcined, and covered with whitilh 
afties. The people were much furprifed, that ^ 
the furniture had fuftained fo little injury^ 
The fide of the bedflcad next to the chimney 
had fuffered mod, the wood being flightly 
bumf: but the featherbed and clothes were' 
fafe. Mr. Wilmer, a Surgeon of Coventry, 
from whom the above account is taken, fap, 
that he entered the apartment about two 
hours after it had been opened, and obferved, 
that the walls and every thing in it were 
blackened, and that it was filled with a very 
Ji/agreeable vapour, IVvom^ ivoVVvtssg^ except 
the body exhibited an^ ftxox\g,\:^g^ v&^sr^ 
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In 'each of thefe. cafes, and all the others 
recorded, theperfons, .to whom thefe diftrcf- 
(ing accidents happened, had been notoriouflf 
addifted to the drinking of llrong liquors^ 
one exc<;pted, the countefs i^anchini s and (he, 
of whom nothing of this kind is faid, was ac- 
cuftomed to bathe the body all over with cam* 
phorated fpiritof wine*. The inflammable mat- 
ter,therefore, furniihed by thefe liqiiors^ppears 
to have been the chief caufe of the extraor- 
dinary combuftibility of thefe unhappy per- 
fens, Whofe fate may (erve as ^an additional 
warning againft the ufe of intoxicating liquors, 
which have occafioned more bodily difeafe, 
and mental infirmity, than any thing elfc 
produced by nature, or invented by man. 



CHAP. XXXVf. 

. DOES MAN SWIM fiY NATURE ? 

This queftion, pirt in this general manncf; 
docs not well admit of a dire<ft anfwer : we 
will enter into the fubjeft, therefore, a little 
more particularly. 

VOL. lU t 
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Is a man fpecifically lighter than water? 

To folvc this queftion, it is requifite, to 
tnfakea number of experiments with perfons of 
different ages, and different make. Experiments 
of this kind are attended with 'difficulty, and 
we have too few of them. The following 6i 
Mr. Robertfonare.lhe beft. 

He took a water^cafc, fix ^feet and haff 
high, .and two feet and half in diameter at 
each end. Ten pcrfons, different in height 
and bignefs, fiibmitted ;to the experiment; 
He would willingly have had them fo, that 
there fhould have been a fat man atid" a leait' 
pianof each different height ; but he could ndt' 
get them exadly as h% wiflied. A propet* 
quantity of water being put into the cafk;^ 
which flood upright on one end, each^of 
the perfons was immerfed in it, and the 
height, to which the water rofe, wasmcir] 
- fured. The height of the water before the , 
perfdn's inimerfion being deduded from-thi% 
the remainder gave the cubical contents ol \ 
the body immerfed; from which^ and the 
abfolute weight of ftc body, the fpecific 
gravity was eafy to be found. 

The following ta^bk exhibits the arefttlti 
p/^Ae/c experimentSv 
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[lusj of thefe ten men, one only appeared 
J a little heavier than water ; all the reft 
lighter, -and fome indeed much lighter* 
cannot rely implicitly on thefe experi* 
ts, however f for Mr. Robertfon €on- 
5, that they were not fo perfeft, as might 
been wiflied. The perfons were im- 
;nt to get out ; would not remain long 
igh with the -bead under water; and 
up quickly, fo that the furface of the 
r was not fufFered to come to a perfe<St 
In confequence, the height of the 
r was not meafured with fufficient ac» 

rom thefe experiments/ howevet^ \^^>;&- 
itJy appears, ihsit the huia^'o^ \>^^^ '"^ 
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general is at leaftas li^, if not lighter, than 
water. A ihin, rawboaed peribn may per- 
haps be a little heavier thaa water, than 
frelh water .at leaft : while thofe who are fat, 

► and whofe bones are flender, will probably be 
found much lighter. Jf a peribn bathing 
let himfelf :fink in the water^ Where it is not 
too fhallow, and remain motionlefs, he will 
find himfelf carried along by the ftream, 
without finking to the bottom. In fuch 
experiments fome difference is made by ijQ- 
fpiring or expiring before flopping the breathy 
for when the lungs arc full of air thty occupy, 
mpre room» by fome inches, and thus dimi- 
iirfli the fpecific gravity of the body. 

But the vqueftion, whether man fwim ixa- 
turally, does not turn on' his fpecific gravity 
alone. Man caianot iive without breathing. 
If, tbf:r.efore, he be not heavy enough, to 
fink to the bottom, when wholly or nearl^ 
immerfed in water, this is not fufEci?at- 
The he^d muft be fo far out of water,, thai 
he can br^atte through the nofe at leaft, i' 
not througii the mouth, or he will be fuffo- 
cated. MojQt people will find the exertioi 
of fame power neceffat^ Vo tS^Qi tlvls ; anfi 

mud thcrcfoit^' moN^c tW\iV\vctoySsi l\x^ 
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lanner, that the refinance of the water, to 
leir effort (hall impel the body upward again 
len finking. If the hands and feet be , 
oved in a perpendicular direftion,; thisViU 
'eftually keep the head above water, bub 
will not 'produce any change of place. For 
is purpofe it is neceffary, that the hamds, 
feety or both, be moved in an oblique 
reftion, which will impel the hody.for- 
ird, at the fame time that it raifes it in the 
iter. 

A man may fwim either in a perpcfndi^ 
lar pofitiont or in a pofition nearly hori- 
ntaL In the latter cafe he may fwim^~ 
her on his back or on his' belly.— ^ 
khming in a perpendicular pofition has 
5 advantage of being a pofture, to which 
in is accuflomed, and in which he may 
)ve his limbs nearly as in walking: hy- 
)ftatically, confidered, however, it has the 
kdvantage. of requiring the whole head to 
kept above water^ which is not neceffary 
fwimming on the back ; and the fwimmer x 
inot employ his exertions with fo good 
Jflt^to propel himfelf forward, as ' \u \.Vv^\x\- 
icd pofition, whik at the (ia,m^ Vvrcv^VCv^ 
"rcls Js retarded by the rcfift.aivc^ ot ^N^^^ 

I 3 
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water to a greater furface. The art of keep* 
ing the body perpendicular, by moving the 
feet alone direftly upward and downward,, 
the hands remaining at reft, is called treading 
water. 

Swimming on the belly is perhaps the moft 
laborious mode, becaufe the body: is in an. 
iinufual pofture, and the limbs are employed 
in a manner, to wliich f hey have not been 
iK:cuftomed, It is the beft, however, iot 
^advancing forward, becaufe the efforts of both 
iands-and arms are employed to moft ad- 
vantage, and the refiftance of • the water is 
but fmall. The nearer the body is to a hori* 
zontal pofition, the lefs this refiftance, and 
the greater the propelling power. In this 
mode, however, it isr equally neceflary, to 
keep the head above water. 

Swimming on the back is the eafieft taod(B^ 
of all, becaufe, in this pofition the g-reatcf 
part of the head may be under water, for, if 
the nofe and mouth be above the furface, it 
is fufEcient. Hence, as very little of tb^ 
body is to be kept above water, little efFoi 
is required for this. In this pofition th 
feet can ad very efficadoxA-^^ \i\xi\Ni^Vajas 

have little power, to ^^o^^d X\vt;\i^ Sss 

ward. 
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, Mit is not our buffnefs here, however, to 
^cach the art of fwinuning, but to explain 
it's pfayiical principles, we muft refer for fatr 
thcr inftruftfons to Bernardi's'Treatifc on 
Swimming*, Salxmann's Gymnaftics for 
Youtb-f, and the Encyclopedia of Bodily^ 
Exercifesf. 



CHAP. XXXVII. 

ARTIFICIAL HELPS FOR SWIMMING>. 

Swimming is fuch an agreeable exercife, 
that many, who have not fufficient Ikill, to 
keep themfelvcs properly above water, would 
l^adly participate in the healthful amufemcnt 
it affords. It is laborious, llkewife, to thofe, 

* This is a german book 5 but there is an englifli 
tranflation of a little treatife on the art by Thevenot, 
which is a ufeful tradl. 

f A tranflation of this work has been publilhed by 
J. Johnfon, St. Paul's Churchyard. 

§ This is St german work, in 3 \at^^\^.'^n<^>Vj 
ke author of the PleafiQg'Prec€;ptox* ^^ 

14 
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to whom €onfiderable praftfce has ilofe ren- 
dered cafy thqf movements it requires. /Sbaic, 
too, have been afraid, to rely entirely on 
their own powers, left the cramp, or any 
other accident, (bould fuddenly deprive them 
€>f the capacity of exerting them. Heacc 
long ago men begaii to turn theit minds to 
artificial helps, capable of fuftaining them in 
the water without any aftion of their owny 
lb that they fliould have np occafion for ex- 
erting any power, except to impel themfelves 
forward, and might reft whenever they ' 
pleafeA 

Thefe helps may be divided into two 
claffes : fuch ^s fwim, and help to fupport* 
the body, by their little fpecific gravity; 
a^d fuch as produce the lame effeft by their 
form. 

Tothe fixft clafs belong cork, light wood, 
reeds, ^d the like, placed under or abo&t 
the breaft. Of thefe, cork is particularly fcr- 
viceable, from it's little .fpecific gravity, as 
it has not one fourth of the weight of water. 
A well dried piece of cork, indeed, will not 
jTmk above a fixth or eighth part of it's bulk 
in water : but when it is ufed for fwinuning, 
tlie body it fupports will prefs it down> aftd 
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the water will infinuate itfelf into the large 
interftices, expel thft air, which rendered it 
fo light in appearance, and reditcje it to it's 
real Ipecific gravity. ' That this is the fadt 
may be feen by holding a piece of very dry 
cork under water, when the air, then ex- 
pelled, will afcend to the furfacc in bubbles. 

The ufe of cork for the purpofe of fwim-» 
ming has long been known. Among the- 
ancients it was confidered as an accomplifli- 
ment, ^ne corticeynatarey to fwim without 
corks : on the other hand, not to be able to 
fwim..was ranked with not having learned to 
read.. Nee liter as nee natare Jcire^ was a- 
proverbial expreflion for a man completely^ 
ignorant : the man, who could neither read 
nor fwim, .it was fuppofed, could know no- 
thing. 

Cork is not only light, but -very conVeni^ 
eatly. applicable to the purpofe^^ as it is eafily 
cut into ally fhapp, and is neither hard, 
nor unpliable. It m^y be ufed in various 
waySi. Whole pieces may be taken, and 
made into a fort of cuirafs: or it may be 
cut Jnto flips, and theleilitched between two 
];ncce$ of linen, cotton, or ftaarvd^fe ^^ \.Q>^cciaS^^.. 

^5 
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ufing it ; but the mod common is, to take a 
few pieces of cork, ftrii^ them on a cord, 
and confine them by tying^aknot at each 
end. The fwimmer lays his breaft on the 
middle of this cord, in fuch a manner, that 
the corks, equally divided, lie juft behind 
the armpits. A broad belt, however, is bet- 
ter for this purpofe than a cord, as it will be 
lefs uneafy to the fwimmer : but, whichever 
of thefe isufed, there fhould be another cord 
or belt fattened to the middle of it, forming 
,a loop to go round the neck, that the corks 
may not Aide down under the belly, which 
would imminently endanger the fwimmer's 
life. 

How much cork is neceflary, to enable, a; 
man to fwim ? 

This of courfe mutt depend on the fpecific 
gravity of the perfon, and his abfolute weight; 
from which, if they be known, and the fpe- 
cific gravity of cork, an anfwer to the quef- 
tion may eafily be found. That my young 
readers may know how tp anfwer fimilar 
queftions themfelves on occafion, I will ftate 
a cafe for their inftruftion. 
Svppofe the perfon, v^Yvew \mva^\^^^ vjv 
tracer t^ to the neck, occw^v^^ \3iafe tg^K.^ ^ 

3 
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two cubic feet : he will then lofe as much of 
his own weight as equals the weight of two 
cubic feet of water, or 123 pounds. Allow his 
abfolute weight to be 135 pounds; and the 
fpecific gravity of cork to be one fourth of 
that of water. The weight of the cork re- 
quired we will reprefent ,by jr. The young 
reader niuft not be ftaggered at the algebraic 
mode of notation by letters and figns ; for, 
inftead of rendering things difficult and myfte- 
rious, it makes them eafyand evident, as 
foon as their Signification is un^ierftood. 

Now the a: lbs. of cork, when wholly im- 
merfed, will difplace 4 x lbs. of water ; and 
the weight of the perfon and the cork, 135 
+^, muft equal that of the water difplaced 
by both, 123+42*, in order that the perfon 
may fwim as required. Hence we have the 
following equation, 

i23+4jr-i35+.r. 
Confequently i23 + 3jr=:i35. 
Ther^fore^ 3^=135—123=12. 

Whence we find X-^* 

Four pounds of cork, therefore, will keep 
fuch a perfon from finking, fo that he will 
reipAin mth i^is head com^\^^^\^ ^w^ 

X 6 
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Tha fecoad clafs of arti^cial helps for 
fwimming are fuch as fuppartj the body hf 
their figure, that is^ by being- hollow, fo as to 
include air within them. 

Of thefe the principal'are bladders. Thefe 
are fo far convenient^ that a pair may be 
carried with eafe in the pockety while not 
inflated; and when the perfon arrives at the 
water's fidej lie may foon blow them up, and 
put them on. They are ufed"* in the fame 
manner as corks ; the caution given above 
refpeding- which is equally neceffary with 
them: but, like the reft of this clafs, they 
are not fo fecure as;Cork, f6ra Holt acciden-^ 
> tally made in- one of them^ or the ilippiir 
of the ftringi may dfeprive- the. fwimmerof 
their affiftance unawares. . Indeed 9 perfoir, 
. ivho cannot fwim tolerably wellj diould on 
no account venture out of hisi d^tH witfe 
bladders. A' learner, who finds it difficult 
to acquire the- art ef fwimming, either frciri 
weaknef^- or awkwardhefs, may 6nd them of 
fervicr, to fupport him in the walner, tiU fae 
k enabled by praAiicci> to move^histldgs and 
arms with moie eifeft and' le6 fatigue ^;^'^u|^ 
thh-he may do cqu«t\\y^d\L^vii^^\iV^^ 
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)e properly {ecured from flipping* down fcelb^r 
iie breaft, he will be Ikfe from danger. 

Inflated ikins were ufed fot fwimming.in 
tncicnt times. Livj fpeaks of this,- by the. 
jy, as a common prafti€;e among the Spa-^ 
cuards in thofe days. Kepler's fwimming gir*-- 
31e is made of leather, hollow, and inflated, 
\ The aquatic (hield .propofed by Wagenfeil. 
is equally infecure, and more incommodious,, 
as it confifts of a hollow box of wood faftcned- 
round the body;: 

Cork, indeed, is the belt^ and moft fecure 
of all artificial helps, thougli not fo conve* 
nicnt- for carriage as bladders-. . 

For thofe, who- can fwimby the exertion 
of their own powers, all thefe helps are uap* 
neceflary- f unlefs in fea* voyages,^ when it 
would ' be pnjdenitj perhapsj for every on^ 
to provide himfelf with a cork waiftcoafc^: 
that hte might, incur lefe danger incafe. of . 
(hipv^rrcck; 

Oh this occafion we muff not ^ omit the 
ftmple contrivance of the^Chinefe; which con* 
Jfts of four pieces of thick, bamboc^ about^ 
two Teet long each; tied tt)gether'at^a little 
ifftance from the ends, faas to toxta^\^ij^a2» 
pcning m ther middle^ tteo^J^^^^"^^ "^^^^ 
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headland arms are thruft. Thefe are then 
fecured from flipping down, and will fupporj 
SI perfon in the water effedually. 



CHAR XXXVIIL 

OF THE. DIVING-BELL. 

As we fometimes find it neceirar}% to fup- 
pprt ourfelves on the furface of the water, 
there are other occafions, on which it would 
be convenient for us, to flay fome time be- 
neath. But a man cannot remain under wa- 
ter, wit;hout being fuflTocated, longer than 
he can difpenfe with taking breath* By 
praftice from an early age, a perfon may ac- 
quire a capacity of remaining under water 
for a few minutes, without injury : and it is 
well, to acquire this capacity, as it may be 
ufeful on many occafions. 

But as this capacity in general can be ac- 
quired only to little extent, it is much more 
convenient for a man, to defceiid into th^ 

tcr furrounded by air, fo that Jbe may 



TH£ PLEASING PRECEPTOR; x9i,' 

continue there to breathe as ufual. Hence 
long ago attempts have been made, to con-* 
trive means of defcending under water, with- 
out danger of being drowned, and even of 
doing many things in that fituation. The ^ ~ 
pofTibility of fuch a proceeding may be feea» 
by an experiment eafy to be made, which, 
probably firft led to the invention, in mod- 
ern times fo celebrated, under the name o€ 
the diving 'be It. 

Take a (hort bit of wax taper, ftick it on 
a piece of cork, liglit it, and fet it on the^ 
furfacc of a bucket of water. Invert a drink* 
mg glafs, place it over the taper, and deprefs 
the glafs, till the water covers it. You will, 
fee, that the water rifes'a very little way in 
tlie glafs, but the upper part of the glafs wilt 
remain full of air-,, in which the taper, float- 
ing on the furface of the glafs,. will continue 
to burn, tijl the air is rendered incapable of 
feeding the flame. 

What the dririking glafs is in this experi- 
ment in little, the diving-bell is on a larger , 
fcale. This machine has been brought to a 
confiderable degree of perfeftion in modern 
days, though the invention \tfc\i 2op^^t'$> \s> 
!v of conGdcrabk antiquity, l^et^ fvxv^^^^ 
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mentions, tiiat divers made iifc of a caldron^ 
to enable them to remain longer tmder water.. 
This, however, is n©t perhaps to be confid^ed 
as an account of what might properly be 
called atdiving-belh . The tranflators of the- 
greek original indeed, have added, that the 
divers inverted the caldron over their* beads,* 
and thus defcendedtintc the water. But 
Ariftotle himfelf does liot-exprelsly lay this;, 
his words feem rather, to imply,, that fuct 
caldrons, full of air^ were fent down to the 
divers, wh^n they had he^nibme time undert 
water, that they might^take^ breath in them, 
and fo recruit, theoifeives, , to remain^ under 
water afrefti.. . 

la -the, time of Gharies the fifth, fometbing. 
moreprecife.on the fabjeft occurs.,. Taifniec, 
who was governor^ to thep^ges of that em- 
peror, fawaa experiment :at Toledo,, in 1538^ 
which two gr.eeks performed in the prefence oi 
that emperor, and which heLdefcribes in.thc 
following manner. 

*^ If the. ignorant vulgar, were: tolc^; that < 
ar perfon . could . defcend amid . t he . waves of ^ 
the Rhine to. the. bottom of the.river, .witb^- 
out whetting , his clothts^oi z.vc^ ^art of his. 
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ing through the water j they would laugft 
at the narrator, and declare it to be impo^* 
fiWe. Yet this I inyfelf faw, in the year 
1538^ in the fpanifti eity of Tokdo; where 
the experiment was mad« in- tjie prefence of 
die* emperor Charles the 6fth^ and near tcsx 
thoufand fpeftators, by two greeks. Thefc 
men took a large caldroR, inverted it, and 
ftifpended it by a rope. In the cavity .of k 
they fixed crofs pieces of wood, to fupi- 
port themielves and the fixe. Round the- 
ritn of the caldron they faftened pieces of ^ 
lead, which were equally diflributed, lb that 
the caldron hung evenly balanced, with tht 
brim ia a horizontal pofition. This was done, 
that one part might not touch the water 
fooner, or with more force tliaa another 5^ 
otherwife it might eafily have happexied,.that 
the water would overpower tine air inchided 
in the caldron, and refolve it into a fluid.* 

• It appears, that the writer of this account had 
very erroneous ideas on this fttbjeft. The fad is,, if 
one fide of the veflel werc^ heavier than the other, the 
brim would touqli the water objiquely, and fo include 
lefs air, becaufb the air would have a free pafTage out, 
till the higher part of the brijm was irtinrerfed.. Be- 
£des, theveffcl not being exadlly ba\ai\tfA, x>^^ >\Y^ax^ 
wEkxc of the &ir, in defccndi^ng, wowX^ \i^ ^otv'^^ 
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If, however, the caldron >. thus prepared, be let 
down into the water with fofficient ilownefs,. 
the air, endofed in it by means of the water^. 
will make itfelf room. Accordingly, the. 
men in the machine, will remain perfedly* 
dry amid the water, till the included air is 
weakened by. repeated breathing, and con- 
verted intoalefs fubtile fluid, being .abfoi"bed- 
by the denfe moifture of the water.*. K 
however, the- caldron be flowlf drawn up 

againfi the higher fide, .than againft the lower* whicH 
would be more perpendicular ; fo that it would -raift ^ 
the higher Mt ftill more, and thus let more air efcap«, 
till the veiTel would be completely overtucoed* and filled 
witk water., 

• Here again Mr. Taifnier Is miftakcn.: The ait 
is not converted into a denfer fluid,* but rendered uflfit 
ibr breathing in a different way. The air of our at- 
mpfphere is not a.fimple fubftance, bu^ a compound; 
and it is only one of it'tf conftituent parts that is capa- 
ble of fupporting life. Every time we breathe, a certain 
quantity of air is taken into the lungs. Thefe fcpa- 
rate from it that part, whieh is neceflary to life, and 
expire the reft. Thus by repeated breathing in i^ given , 
quantity of air, the part neceflary to life will be gradu-- 
ally confumed,and the remainder will be totally incapa- 
ble of fupporting life; fo that a perfon will as inevitably 
die in i>, as if he were cotai^XeteV^ VtMa^t^^^vcL Ni^xct 
«/c?J2e. It is to be obfetved, x.\it i^xftfe^^^ ^^ x^ts^^a^ 
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again iii due time, the men will remain dry, 
and the fire unquenched/* 

So far this account^ the oldeft we have, of 
the important invention of the diving-belL 
But this does not prove, who was the firft 
perfon, that dived under water in. a. caldron,., 
or other hollow veffeh though we learn from 
it, that the contrivance was known In the. 
fixteenth c6fituiy.- 

In the following century, we know, a mat- 
chine on this principle was ufed, for the par« 
pofe of- fetching up goods frdm the. bottom, 
of the fe^. When the fpanifli armada was. 
defeated in 15S8, fome of the (hips, that 
endeavoured, to efcape.by pafling.round 8cot-- 
land,, were wrecked on the ifland of Mull. 
One of thefe, according to the report of fomc: 
of the Spaniards,/who were favedj had con- 
fiderable treafures on^ board,. This ancient- 
ftory tempted perfons, from, time to time, to 
make various endeavours for the recovery of- 
tlie valuables, that were funk. In 1665^, 
a perfon fucceeded in bringing up a few guns,. 

which fupportslife, msdntains combuflion alfo; fo that 
'fire burning in a given quantity of air rcdiices itto.. 
tli€ fame /?ate as hr(?athii;ig iu iu 
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femt they did not fufiiciently repay the eisr 
penfc of the undertaking,^ 

Some years after an attempt of the like 
kind was once more brought forward. Wil^' 
liam Phippsy the fon of a blackfmith ia 
America^ propofed'to go down and unload 
a valuable fpanifli (hip, which had been loft 
on the coaft of Hifpaniola. His fcheme apr 
peared fo plaufible to Charles. II, that he fur* 
X}i(hed Phipps with a veffcl, and every thing 
requifite to the undertaking. Accordingly^ 
in 1683, he fet fail ;, but was unfuccefsful, 
and returned in. great diftrefs^ thougli firmly 
convinced^ of the pra(9iGability of his defijgo^ 
He folicited another ftiip, therefo/fe, from' 
James II, who had now afcended the throned 
Having failed a fecond. tinic> he fought to 
carry his enterprife- into execution by the 
afliftance of private individuals, and opened 
a fubfcription for the purpofew At firft h€' 
was laughed at ; hut at length the duke of 
All:>eaiarle took up the affair, and advanced 
a confiderable fum of money, toward nlakirig 
the neceflary preparations for a new voyage.' " 
Phipps foon procured the remainder, and 
failed in 1 6S 7, in a veffd oi t^o \i\^xAt^^\5:i\i&% 
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rtry his fortune once more. At firft all 
s attempts were in vain : but at length, 
hen his patience was nearly exhauftcd^ he 
icceeded in bringing up from the depth 
' fix or fcveri fathoms t reafure to die value 
F three hundred thoufand pounds, witli 
hlch he returned fafe to England. Of this 
e had about twenty thoufand r>ounds, for 
is Own (hare; tl>e duke of Albemarle had'! 
inety thoufand , and the reft was divided 
mpngft the other fubfcribers, in proportion 
the fums they had advanced. On his re- 
urn, fome perfons would have perfuaded 
he king, to feize the fhip and cargo; pre- 
ending, that Phipps did not give the king 
ijuft account of the bufinefs, when he foli- 
-ited liis permiffion for his voyage. James, 
however, nobly anfwe red, that he knew Phipps 
to be an honeft man; and that he and his 
owners (hould (hare the whole among them, 
Were it as much a^ain. Not fatisficd with this, 
as a reward fpr bis entcrpriiing fpirit, the 
king conferred upon, him the honour of 
knighthood. Phipps was afterward raifed 
to higher dignities, .<uid died at Londoa ia ^ 

On this occafioQ the dukfi-«t KSo^to^.^^^ 
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^'folicited from the king the poft of governoT 
"•of Jamaica, to get more out 'of other (hips 
that had been wrecked in thofe parts. But^ 
whether it were;, that sdl the treafure had 
been gotten out before, or that it had beea 
-difpcrfed by the waves after the fliips had^ 
^^one to pieces, this is certain, that nothing 
was ever found of fufficient value, <to repay 
the labour of the fearch. 

From the fucccfs of thcfe trials, however, 
others were induced, to make iimilar attempts 
in different places, though to little purpofe. 
•Of thefe, that excited moft attention^ which 
was made anew near the iiland of . MuU, in 
J 688, on which occafion the duke of Aigylc 
was the principal ^perfon concerned. . Tb^ 
divers went down to the depth of fixty feetj. 
remained there anhour at a time> and -brought 
up golden chains, money, and other valuables^ 
but all together to ho great amount. 

Since this period improvements have beea 
made in the diving-bell, by Dr^ Halleyi 
Mr. Triewald, a Sw^de, and Mr. Spalding^ 
'of Edinburgh. 

By Dr. Haliey's improvement the water 
^as kept entirely out of the bell at any 
^epth, and the air ^iled by refpimtioft 
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ks 'exchanged for frcfti air at pleafurc, fo 
at the diver might remain untjer water as 
ng as iie.gleafed. The following is his own 
count of the contrivance, 
** The bell I made ufc of was of wood,con« 
ining about fixty cubic feet in it's concavity.;, 
id was of the rform of a 4:rttncate con^ 
le diameter of which at the top was three 
et, at the bottom fire. This I coated 
ith lead, fo heavy, that it would fink empty^ 
id 'I diftributed the weight fo. about it's 
3ttom, that it would go down in a perpen- 
icular direftion, and no other. -In the top 
fixed a ftrong but clear |;lafs, as a window^ 
) let in the light from above ; and likewifii 
cock, to let out the »hot air, that had been 
reathed : and below, about a yard under the 
ell, r placed a ftage, which hung by three 
3pesi each of which was charged with about 
ne hundred weight, to keep it fteady. This 
aachine I fufpended from the mail of a (inp 
J a fprit, which was fufficiently feciired by 
lays to the maft-head, and was direded by' 
traces, to carry it overboard clear of the 
Kip's fide, and bring k on board ag^am.^ ^^ 
Kcafioa required. 
ffTofupply sdrto this beW v^V^ti >3Lti^^ 
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water, I caufed a couple of barrels, about 
36 gallons each, to be cafed wkh lead, fo as 
to finkenipty:; each of them having a bung- 
hole in it's loweft part, to let in the watei^ 
as the air in thcm^condenfed on their defcent^ 
and to let it out again, when they were drawn 
up full from below. And to .a hole, in the 
uppermoft part of tbefe bariels I .fixed a 
leathern trunks or hofe, well Jiquored with . 
bees-wax and oil, and long enough to. fall 
below the bunghole, being kept down by 
a weight appended : fo that the air in the 
\ipper part of the barrels could not efcape, 
unlefs the lower ends of thefe hole were firft 
lifted up. 

*' The air-barrels being thui» prepared, 1 
fitted them with tackle, proper to make 
them life and fall allernatcly, after the man* 
ner of two buckets in a well ; which was 
done with fo much eafe, that two men^ with 
kfs than half their ftrength, could perform 
all the labour required : and in their defceot 
they were dircSed by lines fattened to the 
under edge of the bell« which pafled through 
rings on both fides the leathern hofe in each 
harreL; fo that, ll\d\i\g^ Aoiww \s^ iVfifitllofts, 
iJiey came readily to t\i^ Vw^^ ^^ ^ tow^' 
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lO flood on the ftagc oiv purpofe to rc- 
ve them, and to take up the ends of 
: hofe into the bell. Through thefe hofe, 

foon as their ends came above the fur- 
:e of the water in the barrels, all the air, 
it was included in the upper parts .of 
em, was blown with great force into the 
11 ; while th€ water entered at the bung- 
>Ies below, and filled them : and as foon 
the air of one barrel had been thus re- 
ived, upon a iignal given, that was drawa 
), atid at the fame time the other defccnd- 

; and, by alternate fucceffion, fumiflied 
r fo qyfck, and in fo great ptenty, that.I 
yfelf have been' one of five, who have 
:en together at the bottom in nine or 
n fathoms of water,, for above an hour 
id half at a time, . without any fort of 
confequence : and I might have continued 
ere as long as I pleafed, for any thing that 
peared to the contrary. Befides, the whole 
vity of the bell was kept entirely free from 
Iter, fo that I fat on a bench, which was 
ametrically placed near the bottom, wholly 
cfled, with all my clothes on. I only ob- 
ired, that it wa,s neceffary to b^ \fc\. ^w^tsl 
kiuaUy at ^r/t, as about tv^eiv^ fe^V v\. ^ 
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llme^ and thea to ftop and drive out the 
water that catered, by receivuig three or four 
barrels of fre(liair« before Idefcended farther. 
But being arrived at the depth dcfigncd, 2 
ihen let out as rauch of tlie hot air that had 
been breathed^ as each barrel would replexu(h 
with cool, by means of tiie cock at the top 
of the bell; through the.^erture of which^ 
though very fmall, the air woiild rufli with 
fo much violence, as to make the furface of 
the iea boil, and toxover it with a wbitefbtiSy 
notwithfiandiog the weight (^ the water ofer 
us. 

** Thus I'found, that I could do any thii^^ 
that required to be done juft under us; and 
that, by taking oiF the Tlage, I could, for a 
fpace as wide as the circuit of the bell, lay 
the bottom of the fea fo far dry, as not to 
be over fliocs thereon. And by the g)a6 
window fo much light was tranfmitted, tbati 
when the fea was clear, and efpecially^ when 
the Sun (hone, I could fee perfeftly well to 
write or read ; much more to faften or lay * 
bold of any thing under u$, that was to be 
taken up« And by the return of the air^ 
barrels, I often fent up orders, written with 
aa iron pen on fma\\ p\au% o^ ^R»^> &i^Sis% 
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hov** to move us from place to place as occa- 
fiotr required^ At other times when the 
water :was troubled and thtck, it ^uld be , 
dark as night below ^ but in fuch cafes t 
have been able to keep a candle burning in 
the bell as long as 1 pleafed, notwithftanding 
the g^at expenfe of air neceifary to maintain 
flipne. 

** By an additional contrivance, I have 
feoiid it not impra£licable for a diver^ to go 
tmt of an engine to a good didance from it^ 
the air being conveyed to him with a con* 
tinued flream, by fmall flexible pipes j which 
pipes may ferve as a clew, to direft him back 
again, when he would return to the bell.'* 

This ingenious contrivance of Dr. Hallcfy, 
however, is liable to two inconveniences.— 
The raifing of the bell de|)ends entirely on 
the perfons on board the veflel ; and as it 
has a very confiderable weight, even when 
in water, it requires a great deal of labour : 
but when it comes to be raifed ^ut of the 
.water, the drain upon the ropes is verj^ greats 
and if they fliould break> the pei-fons in the 
bell muft inevitably perifh. Befides* the 
bottom of the fca is in many places ren- 
4eted uneven by rocks ^ and if one of t* 

K X 



i 



19^ THE PLEA3ING PRECEPTOIL 

edges of Dr. Halley's bell (hould light ^)0j 
a rock, the bell would in&llibly be overiel 
Ipefprea lignal. could be made to the perfoii 
above.. 

To obviate thefe dangers, Mr. Spaldiog 
took a very fimple, eafy, and ingenious me- 
thod. His bell, like Dr. Halley 's, is a trun- 
cated cone of wood, but not coated with 
lead. Round the lower part are fufpended 
}eaden weights, fuificiejit to keep the mouth 
of the bell always parallel with the furfaceof 
the- water, whether the whole machine be 
heavier or lighter than an equal bulk of 
^ater, but not fufficient to fink the bell. 
To effeft this, another weight is added, 
which is fulpended from the centre of the bell 
•in the infide by a pulley, fo that it can be 
raifed or lowered at pleafure by the perfon 
within. Thus it is obvious, that, if tb« 
ropes above break, or the machine ft^ouU 
be in danger of being overturned by a pro: 
jeding rock at the bottom of th^ fea, tl-.e 
perfon or perfons within ,may. immediately 
<lop it's defcent, or allow it even to rife to 

*! furface, by lowering the weight appended 
'jepully. 
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l^nfortunately, in June, 1783, Mr. Spald- 
ing went down in Dublin ba)', Vvith another 
gentleman, to furvey the wreck of an impe- 
rial Eaftindiamanv funk in feven fathom wa- 
ter, when they both periihed. As they had 
been down three times the day before, the 
fatal accident was probably owing to their 
not being duly fupplied with air by their af- 
fiftants above, who-iVere certainly negligent,- 
for it appeared afterward, on a legal exami- 
nation into the afiairt that the fignal ropes 
were entangled. 
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<>THER CONTRIVANCES FOR DIVING. • 

'D!FFERENTperfons,at various times, have 
ioyented other means, to enable them to re- 
ttain undef water, but not equally ufeful 
and effedual with the diving-bell, though 
they deferve to be briefly noticed. 

We read, that the divers in the Mediter- 
ranean vied to take in their mowO[v^ ^^^^yw^ 

^ 3 
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fbaked in oil, to enable them to remain 
longer unfj^r water. At leaft fo it is faid ; 
though it is very probablp, tliat the oil was 
for the pwpofe of fmoothing the water over 
them, to enable them to fee objeds clearly. 
. In V;cgetius's book on the Art of War 
are fome figures by the editor, but not ex- 
plained in the work itfelf. Among thefe 
one reprefents a method of catcliing fifh with 
the hand at the bottom of the fea. The 
diver has his head inclofed in a cafe, which 
will not admit water; and to the cafe is 
annexed a long leathern pipe, the aperture 
of which floats on the furface, fo that the 
diver may take breath through it. Little, 
however, can be expefted from a contrivi^nce 
like this, particularly where the depth is 
confiderable. 

Another Contrivance, which feems to be 
an improvement on the former^ confifts, like 
it, of a cafe for the head, but furniflied with 
two tubes, both opening above the water. 
Through one of. thefe fre(h air is blown in 
by means of a pair of bellows^ while the 
fpoiled air is let out through the other ; fo 
that a circulation is kept up, by means of .! 
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which the diver has aconftant fupply of good 
air in hb cap. This too can be of little 
fervice^ efpecially in great depths :; though: 
the plan feenjs not altogether erroneous, and 
perhaps might be united with that of the 
diving-bell, as by Dh HUlley, to fome ad- 
vantage. The pipes,, it is true, muft be of 
confiderable length, not too fmall, and kept 
diftendcd by fome means, as by rings at (hort 
diftances on the infide, to prevent the preP 
fure of the water from cloQngup the paiTagc; 

A fcheme not different in principle, in* 
deed, from .the diving- bell,, may be feen in 
a book on fortification, written by an italian, 
named Lorini, and publifhed in the begin- 
ning of the feventcenth century. This ma** 
chine confifts of a fquare box, cafed with 
iron, and furniihed with windows, and a 
feat for the diver. ^^ 

The method adopted by a gentleman of 
Devpnfhire appears to be fuperiour to any 
of thefe, and on fome occafioas perhaps pre- 
ferable to the diving-bell itfelf. He has a 
large cafe of ftrong leather, perfeftly water- 
proof, which will hold about half a hogfliead 
of airi This is fo contrived, that, when 
Ihut up in it, he can walk at the bot torn of 
K 4 
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the fea, go into any part of a veffel, tliatls 
wrecked, and take out the goods. By means 
of this machine, which he has ufed for a 
number of year;, he is faid to have acquired 
a large fortune. 

But all thefe experiments are trifling in 
/uagnitudc compared with that of Cornelius 
Drebbel, who, about two centuries ago, con- 
ftrufted a veflel, which was rowed alpng 
under Wjiter in tlie Thames, with feveral per- 
Ibns on board. And it was but in the year 
V774, that a mechanic of the name of 
IJay had a (hip built at Plymouth, in which 
he went down under water, and, after fla][^ 
ing twelve hours, rofe again, by letting loo^ / 
fome weights, that were faftened to the (hip's ? 
bottom. On a lecond tria], however, in 
twenty-two fathoms water, Mr. Day was not 
fo fuccefsful : for, whether the (hip, .were " 
overturned by the unevennefs of the bottom* 
fo that he could not difengagc the weights; 
whether the machinery were injured, fo that 
it would not take effedl ; or whether ar\y 
■ thing happened to himfelf within, as faint- 
nefs, or drowfinefs, that rendered him unable 
to act; he periflied av t\\<i \iot\.oxsw ^t the fcai 
the /hip never appetxiwA^ ^?^^^- 
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CHAP. XL. 
ACCOUKTS OP SWIMMERS AND DIVERS. 

The people of tbe South-Sea iflands, with 
whom we have become acquainted through 
the "means of modern voyagers, are particu- 
larly expert in fwimming and diving. At 
Otaheite men and women fwam off to the 
(hips, which lay out at fome diftance fron* 
the fliore> and fported about them tike am- 
phibious animak. Beads, nails, and other 

\ jQnall heavy bodies, thrown out of the (hip 

^. Into the Tea, -they caught before they reached 
the bottom. They ieem, iiideed, to be 
Ready as much in their own- element in the 

; ^ter, as. on land : the children are accuf- 
tomed to it from an early period, learn to 
fwim alaioft as foon as. to waUc, and acquire 
itich dexterity by daily pradice, that they 
can continue on the water for hours together. 
When SurviUe^ a celebrated &ench navi>- 

. ^tor^ was at the Bafhee iflands, in 1 769-, he 
detained fcTeral of the natives as prifoners^ 
eyoi account of ibme- mifonderflanding, that 
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arofe. The fai'ors tied their hands behind 
their backs, and were condufting them to 
the captain's cabin ; when fome of them 
had the boldnefs, to leap into the fea, bound 
as they were ; and, to the aftonifliment of 
the french, they fwam in this manner to 
one of their canoes, which was at fuch a 
diftance, as to have nothing to fear from the 
Ihips. 

At the Sandwich illands the principal 
perfons had in their fervice particularly ex- 
pert divers, to be employed by them on 
neceflary occafions. In 1788 our fcamcn 
had- a proof of the ability of tbe divers of 
the king of Owhyhee..- Their cable havii^ 
Mrted^. tliey had loft the anchor ia: a coas- 
dfepth of waiter,: and requcfted the 
nd h is di vecs tafearcbr for it» They 
d prepared themfelves for the ea- 
by certain ceremonies.. Their caiioes 
^ come to, the place where the anchor 
4IIII9 fuppofed to. lie, one of the chiefs dt& 
tributeda portion of taro root6, in calebaihes^ 
fix men>. who were about half an hour 
Qg it. Another then gave three loud 
>uts^ and waved a white doth over bis 
^^iead* Am thi&figoal^Ulicfix men leaped intfh 
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the fca, and difappeared. Four of them 
came up again in about five minutes. The 
fifth remained one minute longer, and was 
nearly exhaufted when he rofe to the furface; 
but two men immediately caught hold of 
him, and lifted him into the canoe. Still 
there was nothing to be Teen of the fixth, 
and he was given over for loft, when he 
appeared for a moment, but immediately 
funk again. Three of the divers leaped in- 
ftantly after him, and brought him up ffnfe- 
'efs. The blood guftied out of his mouth 
*nd nofe ; but after a time he recovered, 
s^nd faid, that he had found the anchor, and 
^!»6ftncd the cable from it* He had been feven ^ 
>^inutes and half ufider water; The anchor* 
lay.too<teep,tob6 gotten up; the divers, how- 
ever, were amply rewarded for their trouble. 
:.A few days afser another anchor was lofl^^ 
and recourfe. was had to the king's divers 
Igain. The former ceremonies were repeated, , 
and thef leaped . into the water as before. 
On^this. occafion neither ofthem^Temained^ 
iK)i^ 'tban £»»£« mimitea under wat^r, and^ 
Ihe^ anchoF^ waa not found. They were 
flgnt dpwa a/ccond Itmc, but V\\\^ wi ^vv» 

k6 
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walk niorefteadilj' under the waves- He alfo 
ties another very heavy ftoneto one foo^ 
which carries him fpeedily to the bottom of 
the fea. As the mufcles in* general adhere 
firmly to the rocks, his hands are ufually 
defended with Itothern- gloves,, to prevent 
thfem from being wounded, in tearing off 
the firfr;. or elfe he is provided with an iron 
mke /or the purpofe. He likewife carries 
down with him a large net, hung round his 
neck by a cord, the other end of which i» 
feftencd to the fide of the veffel. This net 
is to hold the mufcles gathered from thft 
rock; and the cord is to pull up the diver; 
when his net is full, or when he wants air. 

Thus equipped, he dives fometimes to the 
depth of fixty feet; and, a& he has no timd. 
to lofe,;a» fbon'as he arrives at the bottom^ 
herutisfrom fide to fide. Hearing up all tli6. 
mufcles . he finds,, and cramming theih iot-o 
kis fi€t.. 

At whatever depth the- dhpcr i»j the- Hghfc 

b fo greaty that be eafiiy^iees whatever piifleaf 

kl^ the fcfiT»and fometimes to his grek to»y 

Aematieyti^ he jperceives monftrousfiflies, frbnJu 

which \i\%' utcxloft aAdTefe,\w m\SL^^^vw(^>J«. 
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he unhappily, becomes their prey. Of alt 
the dangers of thd fifliery,, this is one of the 
greateft, and moft ufual- 

The beft divers will keep under water near 
half an hour, and the reft do not ftay left 
than a quarter. During this time they hold 
their breath witliout the ufe of oils, or any 
other liquors, only acquiring the habit by 
bng pra&icew When they find themielves 
in want of air, they pull the rope^ to which 
the bag is fattened, and hold faft by it with 
both hands. On this fignal,. the menin thcr 
veffel draw, them up by the rope, and unload. 
them, of their mufcks, which, may be 
(bnietimes five hundred^ at others not above 
fifty. Some of the divers require a (hort 
iiefpite,. to recover breath i. others jump in 
again immediately, and continue this violent 
exercife for fev«raL> hours without intermif* 
fion. 

Thus we find it ihhy no means^unconunoni. 
where the art. of diving is purfued with*ar- 
<}ouryto find men capable.of remabing.unde^ 
water for fifteen minutes,, o^^evea. half an 
bour 'f. or of diving to the bottom^ jand per<» 
ibrmiog things there, at. the ilepth of %■. 
huodscd aod twenty feet> « morc^ - But^ il 
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is faid, that there have been people, capable 
of dill more than this. The moft remark- 
able inftahce we have, at lead in which 
any confidence can be placed- is that of the 
famous Sicilian diver, Nico?^ I^cfce. The au- 
thenticity of the account, indeed, depends on 
the authority of father Kircher ; who aflures^ 
us, that he had it from the archives of the 
kings of Sicily. Undoubtedly there is a 
little exaggeration in fome parts of the tale, 
yet upon the whole it is certainly far from 
incredible. The following is Kircher's nar- 
rative. 

" In the time of Frederick king of Siciljr, 
there lived a celebrated diver, whofe naoie 
was Nicholas ; and who, from bis amazing 
ikill in fwimmlng, and capacity of continu- 
ing under water, wasi furnamed the F\flt. 
This man had been ufed t^ the Tea from bis 
infancy, and earned his fcanty fubfiftence by 
diving for corals and oyfters, which he fold 
to the villagers on (hore. . His long familias- 
rity with the iea at length brought it, to be 
almoflhis natiM'al element. He was frequent- 
ly known to fpend 6ve days in the midft of 
//letvaves^withoutany oiVvc^'c^'soNv^tLthaathe 
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He often fwam biiier^from Sicily- to Calab^a^ 
a t.empeftuous anil^dingerous paflage, car- 
rying letters from the Jdng. He was fre- 
quentlyknOWnTtd fvtfim among the gulfs of 
theLipari iilands^ndt in the leaA apprehenfive 
of danger. ' . 

" Some mariners:^ outsat fea one day oW 
ferved (omething- at a diftance, which they 
regarded as a fea-monfter; but upon it's: 
approach, it was known to be Nicholas, and 
they* tck)k him into their (hip. When they 
inquired, whither he was going in lb ftormy 
and rough a fea, and at'fuch a dillancc fro^ 
land, he ftiowcd them a packet of letters, 
which he was carrying tCv. one of the townp 
of Italy, fafely enclofed in a leathern bag, (b 
that they could not be wetted by the waves* 
He kept them company for fome time, con- 
verfing* and a/king them queftions ; and af- 
ter eating a hearty meal with them, he took 
his leave, jumi^ed into -the fea, and.purfued 
his voyage. 

" Isiature feemcd to have affifted his powers 
of continuing on the deep in an extraordi- 
nary manner ; for the fpaccs between his 
fingers and toes were webbed* t^s '\t\ z, *^Q«fC^ \ 
and hh ched became fo very c^\^tvcvo\^'^^ "^^"^ 
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he could take m^at one infiHratloiH as mucb 
breath as woukt &rye btm^ for » whole ds^y.^ 
^^ The accouat- of feeictraardinsMry a.p^r- 
fon did not fail, ta reach the king, himfelf^ 
wha commanded Nticholas, tt> be brought 
before him* It was no eafy matter»»to fif)A 
Nicholas, who geoerally fpeut his tune in the 
Iblitudes of the deep ^ bitt', at iaft, after 
much fcarching^ he was founds and broi^h( 
before his majfefly. The curiofity of i\yt 
monarch had long been excited by the tale» 
he had heard of the bottom of the gulf of 
Charybdis ;. and he noyr conceived, that it 
would be a proper opportunity, to obtain 
more certain information. He therefore com* 
manded the poor diver, to examine the bottoflV 
of this dreadful wl^rrlpool ;., and as an incenr 
tive to his obodicDce, he ordered a golddti 
cup to be flung into it- Nicholas was not 
infenfible of the dangers, to which he was 
cxpofcd, dxingers bed known to. himfdf, and 
therefore he prefumcd to remon (Irate : but 
the hopes of the reward, the defire of pleaf- 
ing the king, and the gratification of nio¥N 
ing his fkilU at lafl: prevailed. He leaped 
into the gulf, and was *\uft.^\ilV^ (NK^ilVowtd up 
in it 'a bolbni. Eor tbrec c\v\;\.i\.^^^ oi ^:cv\x^>^ 
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he continued under water; during which the 

king and his attendants remained qa (hor9» 

aoxious for his fate. . At length he appeared, 

holding the cup triumphantly ia.one'hand» 

wliile with the other .he made his way througU 

the waves. It may be fuppofed, he was re-^ 

ceived with applaufe^ when he came on (liore: 

The cup was made the reward of his adven* 

ture i the kii^ ordered proper care to be 

taken of him -, and» as he was fomewhat fa^ 

tigued and debilitated by hislabour, after a 

hearty meal he was put to bed, and per* 

mitted to rcfreOi himfclf by fleeping. 

" When he had thus recruited his fpirits, 

be was again brought before the king, to 

gratify his curiolity with a narrative of the 

wonders he had feen, and his account was 

to ' the following efFcdt. Aftei;: faying, that 

he would never have obeyed the king's com* 

mands, had he been apprifed of half the 

dangers, to which he expofed himfelf,. hd 

^dci^d, that there were four things which ren* 

Jercd the gulf dreadful^ not only to men^ 

^^ t even to fiflies themfelves. Thefe were» 

y the force of tlie water burfting up from 

'^^ bottom, which required g^tetiV. ^^^wyXxV^ 

fii?; 2, the abruptnefs o£ lVv& toO^^s.^^^ 



y 

I a THE PLEASING PRECEPTOR. 

every fitle threatening -deftruftion : 3, the 
force of the whirlpool dalhing againft thdc 
rocks : 4, the number and . magnitude of 
the polypi, fome of which appeared as large 
as a man, and which, every whete fticking 
againft the rocks, ftretched out their fibrous 
arms, to entangle every thing, that came 
near them. Being a&ed, how he was able, 
fo readily to find the cup, that had been 
thrown in, he replied, that it happened to 
be thrown by the waves into the cavity of a 
rock, againd which he bitnCelf was driven in 
his defcent. ^ 

. " This account, however^ did not fatisfy 
the curiofity of the king. Being requefted, 
to venture once more into the gulf for far- 
ther difcoyeries, he at fiirft refufed : but the 
king, defirous of having the moft exatt in- 
formation poflible of all things to be found 
in the gulf, repeated his folicitations ; and, 
to give them ftill greater weight, produced 
a larger cup than the former, to which he 
added a purfe of gold. Thefe temptations 
were too powerful for the unfortunate diver, 
he plunged again into the whirlpool, and was 
never heard of more,** 
: As Nicholas was celebrated for his capacity 
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3f remaining under water^ Paul Moccia,. a 
leapolitan prieft, was famousf for being totally 
Jicapable <^ diving. This man, though 
i¥elimade, was bulky and fat. He weighed ^ 
two hundred and thirteen pounds avoirdu- 
pois; and it was found by Jofeph Dies, the 
tnathematician, that this was twenty pounds 
and a quarter lefs than an equal bulk of 
abater would have weighed. Thus it appears 
by the laws of hvdroftatics, as explained in 
1 preceding part of this vplume, that he 
TOuld not fink of himfelf, but fwim upright 
like an hydrometer. He was ignorant of the 
property he poflefled, till he was advanced 
in life, when he difcovered it, on attempting 
to dive when bathing. He then made the 
experiment of letting himfelf float in the fea, 
ind found it fucceed : and getting two divers, 
to drag him down under water by the feet, 
15 foon as they let go, he rofe to the furface 
fpontaneoufly, ahd remained with his head 
ind Moulders above water. When the fea was 
faooth, he could go about in it wherever he 
pleafed, by llightly moving his hands ; and 
b could eat ahd drink, read, write, or the 
'ike, in tht water. 
It Is probable^ that aiaay fel p^i^QW^. Vw^ 
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no greatep ipeclfic gravity than this Italian j 
but as thofe who are corpulent fcldom take 
much delight in fwimming, they rcmam 
igBoant of the faculty they poffcfe. 



CHAP. XLI. 

VE^TRH43QUrSTS. 

Most people are contiihtedl* to employ 
their faculties in "the brdinrdy'way, fully fatif- 
fied^ if they anfwer the purpofes of common 
Kfe; and have no conception of what may 
fee effefted^fey affiduous cultivation, or bend- 
ing them to any particular pui^pofe. The 
dexterity acquired by various 'mechanics in 
•the employments iii which 'thej'' are con- 
ftantly engaged is aftonilhing to other peo- 
ple 5 and while moft men unufed to the 
Water begin to ftifle, if immerfed in it for 
iialf a minute, we fi rid others have brought 
their lungs by praft ice, to'difpienfe with the 
mbalation of freth a\r iot \v^^ ^xv\\wa. 
Thus the Langs atidnoc^ ^^it^^"^ ^ ^^ "^^- 

3 



rUdqmft' ^pfM»io be extropniiDiriljr fubfer* 
UM: 4ci4iis.wiU'4; and wei «re' 'the, Aiere fur* 
>rifed at kit pcifontmtic6s, becsuft few haw 
bought k^worth^fbile^tociUtivfttea^usiiIlyy 
hat is applicable to no ulcful purpofew 

To foFtti words;; mbn uToally expel the air 
TDin the^ Icings through the windpipe -svith 
liote fit^K^ Ihtn in otdintfif bteatbing^^ .and 
it the fame titne tontra£t the glottis, crup- 
per part of the windpipe, fo that the air, 
tlfuiiig ^awtat^a Mrrower p^age, occafions 
&^ fou^ 4l9ore ^ kfs loud, which is the 
^Oicc. ^A&tbe voice paflesj0Ut' through tiie 
^ofith, it is varioufly modified by changing 
the figure of this cavity^ which is efiefted 
chiefly by means 0|f the tongue and lips : and 
thus-art^late founds are produced, or words 
formed. If gentle breathing alone be em* 
ployed, and modified by the tongue and 
lips, without contra^ing the glottis, and 
forcing Out the Tiir fo as to produce a loud 
Voice, it is called whifpcrrng. This whil'per-? 
it^ is tnbit^ or lefs k)ud, .acicosding as the 
breath is ^mitted'with more or lefs (Irength t 
but it muft iiTue irith fomewhat more force 
than in ordinary brbathixi^, oi\it\NK\^ "^"^ 
i)Md will mot be audibW. T:Vk\%^^^=»«^'' 
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monly find in young <!hiki9en» wben they 
firfl attempt to.iHrhHpcir(i tbey mpvQ thieir 
lips but DO articulate round :i9 hovd. 
. In fpeaking, the airiifues chiefly through 
the mouth; yet partly^ in articulating cer- 
tain letters, through the nofe aifQ. When 
the noftrils are held clofe^ or accidental!)^ ftop- 
|>ed, we can fpeak,: though with a dlff^ient 
tone. This tone, which is very difagreeable 
when in a high degree, is called fpeakiflg 
through the nofe: and ^ot 4togethei;>.im: 
properly ; for though the .voic^ cannot iCue 
through the nofe, M'heh, .thQ!?noftrih arc 
clofed, this found is formed in the nof^ 
whether the noftrils be flopped or open. 
When this defed is avoided, the nofe coo- j 
duces much to improve the toneof theiyoice ; ' 
as any one will find, who firft pronoiinces a ' 
fentence clearly and deliberately* with bis 
noftrils open, and then, flopping his>noftrib, 
fpeaks the fame words without fuftering any 
breath to enter his nofe. . ..:. ■ t 

The mouth, however, is- foi e^ntial to 
fpeaking, that, tliough different founds may 
be made with the lips (kut, no articulate 
voice can be- produced^ >NVi\\ft.»the lips are 
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left between the lips^ fo that the air can ifiue 
out between then)/ many .words may be 
fpoken intelligibly, though with no very 
harmonious tone : but it is perhaps impofli- 
ble, to articulate, ibme of the confonants, 
without moving the lips more or lefs. 

Sbunds may be formed, amd words uttered, 
not only when air is forged out through the 
mouth, but alio when it is drawn in. This, 
however, is much moi^ difEcult. 

There have been people, in different ages, 
whofe internal organs of fpeech were fo flex- 
ible, and who had fuch Ikilful command 
over them, that they have been capable of 
articulating, and holding converfations, with- 
out any movement of their lips being per- 
ceptible. In fuch cafes it is obvious, that 
the found of the voice muft differ from what 
it would be in the ufual way. Mofl com- 
monly it would have a fomewhat obfcure and 
hollow found, and hence was fuppbfed by 
thofe, who did not know how it was pro- 
duced, to be formed in the belly. On this 
account fuch people were miflakenly called 
ventriloquifts, or fpeakers from the belly, 
and this name is ftill retained. 

The feats, that thefc people are fai4 to 

VOL. II. h 
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have performed, feem much more furprifing 
in the narratives given of them, tlian they 
are in fad:, when the whole of the bufinefs 
is underftood. Perhaps my young readers 
will be beft enabled to form an adequate 
idea of the fubjedt, by being firft told what 
they have done, and then inftruAed how to 
account for the performance- 

At Saint Germain-en-Laie, ten miles from 
Paris, lived a (hop-keeper, whofe name was 
Saint-Gille, a very ingenuous and honeft 
man. At Martinico he load learned from 
aa intimate friend the art of ventTiloquil'm 
in the fpace of a week, and had made him- 
felf a great mafter in it by pra&ice. Of this 
faculty he made no ill ufe, neither did he 
employ it as the means of getting money: 
he ufed it only to divert himfelf and his 
friends, and made no fecret of the talent he 
pofleffed. 

The abbe de la Cappellc, having heard 
many wonderful things of this man, was 
defirous of being convinced of the truth by 
means of his own ears. Procuring an intro- 
duftion to Mr, Saint Gille, he expreffed to 
him his wiflies ; and was Xsk&vs. b\f hlcn into 
2 back parlour, where tYve^ boW ^i e^^^^ 

5 
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y a fmaU fire, with a table between tliem. 
'he abbe fixed his eyes the whole time ftcd- 
1% on Mr. Saint Gille, who entertained* 
im for half an hour with laughable anec- : 
otes, to which his art had ^veti birth. 
^n a fudden the abbe heard himfelf -called 
y his name and title, by. a voice which 
lemed to come from the roof of a neigh- . 
curing houfe. He was furprifed, but foon 
ueffed at the deception,' and afked Mr.' 
aint Gilte, whether he were not giving h\m 

fpccimen' of his art. He was anfvvercd- 
nly. by a fmile, :and looking toward the^ 
oufc^ -from which the found appeared to 
rocqed, 'a voice feemingly in the corner of 
nt room, called oi't "not there.'' In this 
anner the artificial voice ph.yed round him, 
emingito conievfi'om different diftances,: 
k1 ,vafious places; is the artift thought 
roper;. ^Notwithftanding the abbe was-fui^s 
prepared fi>r -this, oand* fcoew it to be the* 
)ice'of 'a nt^w fttting^(ippo6tB to.him, the^ 
jccption was fo. iptiittpletc!, that he could not: 
ing his fenfes to form a true conception of^ 
c place,- from -which the found ■ aftually^ 
bed. When- Mr. Saint- G\\V^ d\^Vac^^- 

aft, Ac appeared to -bc^'pet^^&^^A^'^'^'* 
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and not the lead alteration was vifible in his, 
countenance. The abbe obferv^ed, however, 
that he turned his face a little, though with | 
perfed eafe, and no appearance of defign, io \ 
that one fide of it only was to be fecn, when 
he rpQke as a ventriloquift. 

The following anecdotes are feledted from 
many related of this gentleman. 

Mr. Saint Gille, returning home from a 
place, to which he had gone on buiinefs, 
fought (helter from an approaching thunder 
ftorm in a convent. Finding the whole com- 
munity in mourning, he inquired the caufe, 
and was told, that one of their body had died 
lately, who was the ornament and delight 
of the whole fociety. To pafs away the 
time, he walked into the church, attended 
by fome of the friars, who fiiowed him the 
tomb of their deceafed brother, and fpoke 
feelingly of the fcanty honour, they had . 
beftowed on his memory. Suddenly a voice- 
was heard, apparently proceeding from the 
roof of the choir, lamenting the fituation of 
the defundt in Pur^tory, and reproaching 
the brotherhood with their lukewarmneu 
and want of zeal on his account. The friar?, 
as {ooTi as their aft.oiv\tt\i»fcAi ^nI xlvx^k 
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leave to fpeak, confulted together, ami 
agreed to acquaint the reft of the commu- 
' iiity with this fingular event, fo interefting to 
the whole fociety. Mr. Saint Gille, who 
wiflied to carry on the joke, diffuaded them 
from taking this ftep ; telling theni^ that 
they would be treated by their abfent. 
brethren as a fet of fools and vifionaries. He 
' ^*"*^mmcnded to them, however, the imme- 
iiiate calling of the whole community into 
the church, where the ghoft of their departed 
brother might probably reiterate his com-- 
plaints. Accordingly all the friars, novices, 
lay brothers, and even the domeftics of the 
convent, were imniediately fummoncct, and , 
aflembled together. In a fliort time the 
voice from the roof renewed it's lamentations . 
and reproaches, and the whole convent, fall- 
ing on their faces, vowed to make a folemn 
reparation. As the firft ftep they chanted a 
De profundi s in full choir ; during the intep- 
vals of which the ghoft otcafionally exprefled 
the comfort he received from their pious 
exefcifes and ejaculations in bis behalf. 
When all was over, the prior entered into a 
ferious converfation with Mr. Saint Gille ; 
and, on the ftrength of what had paifled, 

^ 3 
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. rabbits, than' not take occafion to draw 
yourfword." 

As a rival to Mr. Saint Gillc may be men- 
tioned baron Ferdinand von Mengden, of 
Horde, a lieutenant colonel, and a man of 
great underftanding, who rcfided at Vienna 
about twenty years ago, and was celebrated 
for his (kill in ventriloquifm. 

This gentleman had a little doll, the lower 
jaw of which the perfon who held it could 
fct in motion at will, by an ingenious me- 
chanical contrivance, fo that it appeared as 
if talking. When he wiQied to aitiufc a 
company, he would hold a converfation with 
this doll, and jeft' with her, till commonly 
the doll would at laft grow fo impudcntj 
that he would put her into his pocket, frbtn ^ 
which Ihe would complain bitterly to the 
company of his fevere treatment. 

Being once at the court of Bayreuth, he 
was amufing the prince of Zweybrueck and 
fome other perfons of rank with this puppet, 
Tvhq could not conceive, how he managed 
the bufincfs. An irifh officer, who was prc- 
icr^t, was firmly perfuaded, it muft be fome 
Jiving, creature, tViat Vv^id \>t.ttv \axv??J\t to 
^cak in this ^manner, Vt \t vjci^ wjiOw^m 
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a day in the wood, in order to inveftigatc 
the truth of this relation. 

Mr. Saint Gille, as may be fuppofed^ 
was not omitted among the guefts. Before 
he joined the company in the wood, he 
completely impofed^ upon one of the learned ' 
deputies of the academy, who had parted 
from the reft, and accidentally fell in with 
him on the way. Prepared as he was, and 
on his guard againft all deception* of the kind, 
he tliought, without the leaft fufpicion, jiift 
as Mr. Saint Gille came up to him, that he 
was called to come back in great hade by \^ 
Mr. de Fouchy, who was with the reft of 
the company more than a hundred yards 
diftant. His fcrvant, too, heard the fup^ 
pofed call, told his mafter of it> and, turning 
toward the company, bawled out as loud 
as he could to Mr. de Fouchy, " yes> 
fir!" '- 

. The company being feated at table, the 
fpirit, who was previoufly acquainted with 
fome private anecdotes relative to certain of 
the perfons prefent, began to make himfelf 
heard. Sometimes the voice feemed to de- 
fcend out. of the air overhead^ laX oXJci^^xwcas^ 

^ 4, 
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- rife from the. ground, being chiefly ad- 
drefled to the countefs de B — , to whom, as 
well as to the reft: of the ladies, it paid many 
compliments. This entertainment continued 
for a couple of hours. The countefs, who 
perhaps might be a little inclined to credu- 
lity, was fully convinced, that it was th<^ 
voice of a fpirit ; and was not a little vexed^ 
when the deception wasdifclofed. 

Another time Mr. Saint Gille went to 
take a. walk in this fame wood with an officer, 
who always carried his head very ereft, and > 
his chefl projedting, with a ftrutting gait, and 
never fpoke a' word, unlefs battles or fieges 
were the fubjefi of converfation. As they 
came to an open (pot, a voicef called out, 
ib^mingly from behind a. tree :. f* it is iiot 
every one, who wears a fword^ that has the 
heart to ufe it.*' 

i *^' What impudent rafcaPs: th^t ?" exclaim? 
cd the officer* 

" Some bird-catcher, I dare fay;'* returned 
Mr. Saint Gille in his natural voice ;. " per- 
haps takicig a neft'of young birds : but let 
us go on*" . { 4 - 

. TAc, officer Qiook \m \\ftwi^ ^xdlooked 
very four. . /.;. 
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" You dare not wait for me :'* faid th6 
voice from the tree. 

** Yes, ifyou will (howyourfelf :" replied^ 
the officer, fetting his hat, and layiiig his 
hand upon his fword. 

" What do you mean ?'* faid Mr. Saint 
Gille, in his natural voice, again, holding 
him back ; ^* it is only fome one, that wants 
to laugh at you.'* • .^ 

" A valiant pofture is not always align 
of courage :'* rejoined the voice, which hisri 
fcemcd to defccnd from the fummit of the 
tree, till now it was at the bottom* 

•* That's no bird-catcher ;" faid the offi* 
cer in a fury. '*» I'll make him repent his 
impudence." 

With this he drew his fword* and made * 
thruft into the bulh, at the bottom of the 
tree, where he fuppofed the enemy to be 
concealed. A rjU^bit, that lay there, leaped 
out, and ran away. 

. " See,*' faid Mr. Saint Gille with a laugh, 
" what a hero you have put to flight I Why 
do ymi not fee whom your enemy is, before 
you make your attack ? but your heat! is fo 
full of battles and blood(hed» \.\i»X^ \^^ ^^"^ 
Quixote, you had rather fi^l ^vOcv^ ^>^^^> 
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fides, at the cHftancc at which he is leen, 
and by candle-light too, a flight motion of 
the lips would not be very eafily percep- 
tible. 

It is to be obfcrved, likcwife, that the 
affiftance of the eye is called in, to deceive 
the imagination. The ventriloquift has a 
puppet, with which he pretends to converfe. 
The fpedtator hears a man fpeak in his natu- 
ral voice. This fpeech is anfwcred in a dif- 
ferent key, in a kind of fqueaking tone. 
It is natural for the fpeftator, to refer this 
voice to another perfon, particularly as the 
performer's countenance remains unmoved, 
like that of one liftening, not like that of a 
perfon fpeaking. Now there is nothing but 
tlic puppet prefent, to which the fpeftator 
can refer the voice, and this it's flirillnefs 
'«= it to be wondered, therefore, that 
he hears the found come from 
tij^ ^ ? 

In this cafe, if the ventriloquift be fuffi- 
cicntly maftcr of his art, to fpeak without 
moving" or being feen to move his lips, 
nothing more is neccflary : the fpeaking voice 
will naturally fecm to come froqi the puppet j 
the puppet ''and the man being clofe to- 
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jether, the found may juftly be confidered 
s ilTuing from the fame fpot. Fitz-James, 
00, it is to be remarked, when in the eating 
loufe, took care to ftation himfelf near the 
ppt, from which the voice was fuppofed to 
iffuc ; and this fpot was a hollow, enclofed 
I'lace, which, it may be prefumed, well 
f'lited his fiftitious voice, ifluing from a 
Jiearly clofed mouth. 

On other occafions,' as in the anecdotes 
■ stated of Mr. Saint Gille, more fkiil on the 
part of the ventriloquift appears to have been 
.^cquifite; though a fkill by no means unat- 
;.inable. Sounds differ according to the dif- 
r xe from which they proceed, and the di- 
kc'tion in which they fb*ike our ears : a ven- 
Lriioquift, whocanjudf,. :.: !'i * cfFc^r-, iiv:r 
:: Hance and direction p:-'".U.co on for ..■: jr.^i 
his acquired a ciapacity or modulating his' 
a; ificial voice accordingly, may produce 
li ..jfl any deception of this kind. Befides, 
i. • r^re little ufed to remote founds, or rather 
T-. judge of them with any degree of accu- 
*.■;■.'. ; fo that in this, as in moft other things, 
::iur own ignorance and negligence promote 
iur being deceived. Mr. Saint Gille's pcr- 
trmers, too, were on one occa.fion a ghoft. 
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on another an aerial fpirit ; and the a 
would naturally luppofe, that fuch ir 
rial being muft fpcak in a tone fon 
different from that of the human voice, 
would facilitate his tafk. 

In moft of thefe inftances, as is ge 
the cafe, it is chiefly our own fenfe 
deceive us : and hence we fliould leai 
to rely on them with too much confii 
at the fame time endeavouring, by att 
and afliduous cultivation, to render tl 
accurate as f)offible, that they may 
too liable to miflead us. The neglige 
Ibme vikth refj^d; to the moft comix 
our fenfes, is ftrikingly depifted in the 
ing tale of Eyes and no Eyes, in Ev 
at Home: and thofe, who would w 
improve the different fenfes, we woul 
to Salzmann's Gymnaftics for Youth, a 
which we have before had occafion tc 
tion. 
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